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er 1 

; INTRODUCTION 

*■ ' 

Probably oik; ofjdic* first homes man lived in after he came 
out of a cave, was made ol earth. To be-sure, the earliest known 
kinds of carl.li construction were vcr\ crude b\ oui standards 
todav. Primitive man did little' more than stick mud on 'poles 
woven .closely together. Hut even with this, he louud shelter 
lhat was better than ansthmg else he had except his cave He 
also had the advantage of being able to move around. He could 
live wherever he wanted to 

(riaduallv, he learned that some kinds of mud made- better 
houses than others. And sonic: of the best ones lasted his whole 
lifetime. 

Todav, there are plcntv ol earth dwellings in mam parts 
of the world that are-centuries old. Man discovered that the 
eartli homes that have lasted best we're in areas where not much 
rain falls. A wet climate is the worst enemv^of an earth home. 

Today, with .die adv a n ee* made in the science of soil 

mechanics, what soils will do under manv different conditions 
can he predicted and controlled It is possible, even with Irttlr 
skill, todav to build beautiful, inexpensive and durable homes 
using the oldest construction material known, the earth around 
us. » 

Stiangeh enough, it is the scientific road builders who 
have learned most about the way many kinds of soil will behave- 
under a wide vanctv ol conditions. These scientists know, for 
example, how to take soils that for centuries were considered 
useless for anything and, bv combining them with materials 
callVd stabilizers, make them into mixtures that are excellent 
ft^l earth construction. 

As in most important discoveries, this new knowledge, much 
<'.ol. it, learned since World War 11, was found by work doire in 
laboratories by highly trained technical men. It now remains 
t# make these new techniques available to the people who need 
diem most and can use them to. their advantage: the many 
people in the world who need good, lasting homes and who 
cannot afford to spend a lot of money to buy them, or who 
do not have access to modern- manufactured materials. Earth 
is everywhere. 

It} 

One of the great aims of the Agency for International 
Development is to help fulfill this need. Under its Self-Help 
Program, which the AID feels gives the most help while allow- 
ing those aided to keep their dignity and pride, comes this 
manual as one of AID s many technical services. 

Thjs small book tries to take the newest techniques de- 
veloped in modern soil mechanics and put them into simple 
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terms so lhat ainiosi anyone, anywhere, can have the benefit 

f' 

of the great amount of work that iias been done bv the scientists'- 

The AID authorized and paid for a research project by the 
Texas A&M Research Foundation, at College Station, Texas, tdf. 

1. gather and" 5 study all available' information on building 
homes with eart h , 

2. do new reseat ch in areas where not enough was known 
about what cut be done with earth, and f 

.'1. bring this information together and present it in a 
lorm most useful for most people. 

Information came from many countries and from all kinds 
of .sources. I h esc included books, articles, technical reports and 
even newspapers. More than .SOU such sources were studied. 
In , addition, soil engineers at Texas A&.-M I Diversity worked in 
their own laboratories and made tests of the materials they had 
and added the knowledge thev developed themselves. 

This manual tries to present its information in the simplest 
way roossihle Hecause manv things vary greatly even in one 
country, it is impossible to say all things to one person and 
have all that information apply to the place he lives 

The many kinds of (lunate that exist all over the world, 
plus the much greater number of kn'nta ol soils that are found, 
make the problem of explaining jusr* how to build a house 
difficult Koi example, in the State of 1 ex. is. alone, wh.ut would 
lie best to do in the eastern part would not be at all the same 
in the western part of the state. What would be fine in parts 
of the Rio Grande Valley and the Texas (.nil Coast in the 
south part would not be best in the Panhandle in the north. 

Se^, this manual describes broadly the kinds of soil that aiv 
found in various parts of the world t and tells what can be 
expected of them. .It then tells what is best to do with each 
of them, alone or in combination with othcis. to make them 
good enough to use or make them better with the use of 
stabilizers. And (hen it explains which of the three general 
kinds of earth const nut ion is best for use with the kinds of 
soil available. It also describes simple tests arrvone can perform 
that tell the builder how well he is succeeding in what he is 
trying to do. 

© 

After chapters on picking out places to build, how to: make 
a good foundation for any kind of house? and how to build a 
roof, the manual has separate chapters on adobe, rammed earlii 
a net' pressed block construction. 

Because conditions and available materials change so much 
indifferent places, the builder often will want to use his own 
good judgment. It is therefore important, in order to get the 
best value out of this manual, that he read at least the early 
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cHapte^ carefuiiv before deciding how best to solve Ins own 
problem. 

As hy auv i. raft ,• I he good workman has "lite Ire!" of his 

job before lie tries to go luo far wit.li it. 

This ..manual, it is Imped , wili.gi.ve him that "feel.'*- 

Types of Earth Houses 

There are three main t\pes of earth houses that (he builder 
ran seleet: , • s 

I . Adobe. ' .. . ■ ' ° 

2. Rammed earth. - H 

Pressed on nuich i nr - nufdei b looks. * 

'Two ot her methods that can' be userh'air ^nlt" and "wattle 
and daub," but usualiv these .do not make^ijie best houses. 

A DO HE III .()('. KS -Avails made from adobe blocks are proh- 
a hi \ {he most popu 1 a r and 'one' of the- oldest forms ot earth 
housing. .Adobe blanks are- made In placing .a wet mud in 
boxes railed "forms. " I he' forms are 'removed a short tune 
after t he b-lot k.s ate made and the adobe blocks ate allowed to 
drv (or cure) foi about a month bclntc fhc\ /a i e used to build 
a wad, 'I he him ks ,u e held toget hei in the u a! I uuTi a 
"iiiotiai" which can be the same mud used tut making the 
blocks.. 

The main advantage adobe lias, user the* other methods is 
thai it is the siiniiksi method, and a saushn tot \ dwelling t an 
he Jmilt with i he least- amount of ioustnutrou skdl. 'Du it 
right, and vou can have strong walls that are 'rclauveh tree 
front cracks. You. can also make all of the- -!>1ck. kt in vot^t spare 
time and store them until voir a re" read \ w> use them. 




Figure 1. This livable home, \ built bv Leon Watson and 
Associates, in Albuquerque, Nttw Mexico, demonstrates the 
quality and natural be aim ot adobe architecture of the South- 
western United Mates. , j 



Adobe has se\ era I disadvantages. Adobe—Weeks arc likely 
to be "rough looking" and chip easily. Adobe is usually not 
suited to climates that h a \ e more than 2 r >-.'iU inches of .rainfall 
a year. 

Walls made front adobe blocks are usually as attractive or 
more so ! than rambled earth but like rammed earth, adobe 

'■often requires surfacing for a good appearance. Adobe walls 
probabh r.ccpiirc" less work than do rammed earth walls. 'The 
attractive house shown in Figure I is an adobe house covered 

• Vj|fl'i stucco. • ■ ' 

- # * 

K'A.M Mi.ll I- A A' V 77 — In this method, continuous walls are 

built b\ ramming moist soil into position between hcau wooden 

(onus When a short .section oi wall is completed the forms 

are moved u|.)\Vards or sidewavs and the process is repeated 

unlil.-th-c walls are com pie red. I lie t*ammiug may be done with 

either hand.ot jnic ti mat ir tanijiers, but ei t her w:av • the soil has 

to be. i am med until it becomes- dense and extremely firm. 

Pneumatic tampers tequire more skill tor successful use than 

do hand tampers.' ° 

A well made i.iinnidl e.uth wall is one of the most durable 
'earth wall's that can "be made. Nome base lasted" foi leutuiies. 
1'iiskilled la.boi can do t fie- ramming. 

Rammed earth has the following disadvantages: 

I . It is in si !',l.s\ 1 o i In well-. 

2. I he hea \ a wooden forms take time, mouev and some 
skill to build. 



Rammed earth const ruction requires the most careful selec- 
tion of the soil tvpe. or the walls will shrink ami crack after 
they" dry. ' 

The amount of water used in" the soil during the rairfming 
must 'be carefully controlled to get proper ramming of the soil. 

If carefully done, the finishcd^wall mav look well without 
any coating. But. it is common practice tc/j stucco, or paint, the 
finished wall to produce a pleasing finish. Bonding of stucco 
or "paint to the wall may present a problem if special surface 
preparation is not carried- out. ' K ■ 

A rammed earth house is shown in Figure 2. 

MACEIEXE MADE OR PRESSEtJ EARTH HI X)C A,S-Re- 
cently, several simple and inexpensive machines have been made 
for pressing soil iiiU) bricks or blocks. These earth blocks have 
many advantages. They have approximately the streiTgth and 
durability of rammed- earth. Some blocks which have had 
stabilizers (or chemicals) added to them are nearly as satisfac- 
tory as burnt brick, lumber, or certain other building materials. 
At the same time, waifs ; ~can Ik- built as "easily as adobe block 
walls' 1 he pressed blocks dry and shrink hi the sun before 
(hev are laid so that walls essentially crack free, can be built 
even with soils that shrink a little. % 

Walls made of pressed flocks have a very pleasing appear- 
ance (Figure and it is not necessary to use surface coatings 
as long as the right soils are used.. It nevertheless must be 
remembered that much Irani work is required for handling "and 
mixing the soil and transporting the finished blocks. 




Figure 3. Machine-made blocks form the walls of this house. 



Hie next 'two tnorliofls arc not recommended tor a house 
vo:u want to last a long time. 

\\ A I l it A\P D-U />' -In 1 llns method, a WMtiul frame 
.work oj posts and poles .is Hist "ioiimiik led. I hen reeds, 
irrauches, etc., are \vo\en among the poles to lot in a base lor 
a mud "pfa^iei" winch >s applied to both sides of t he f t ame 
work. Another wav is to make a double wail oippoles and reeds 
and {ill the space between with mud also. figure I shows a. 
wanfe\and daub house. ' . •. 

Sh linkage cracks oUeu occur in wa|^ o! this t\ pe.. and 
constant niaiiiicii.UK <' t s iikeb to be necessary, for sick people, 
and soiik . eldei b people, this .method of| const rue I i< »n is not 
piatiua! because a - wattle and daub house! might need repairs 
when thev Van least -afford to^doSr^-^JaiAianv cases this is a 
disadvantage, of the other methods already ^mehliouetL^ 

I he method, is not verv practical in aWas where durable 
species ot wood are not available, ^ 

(.Oil — In the cob method of construction, stiff, mud is 
molded mro'bails somewliat larger tlian a person's head. These 
balls are' then piled up in,, thick lasers to form the wall elirccllv 
without the use of anv kind ot tonus. The mud must be stiff 
enough so that it will not llavc a tendency .t o\ ..slump.. If some 
slumping or .spread mg does ot cur. the mud is put. back in place 
with a trowel or else the excess mud is sliced off and placed 
on top. I he wall must be construe ted slowly sq that each layer 
has a chance to 'harden before more mud is istacked on top 
of it. Workers usually stand or sit astride tTi'e walls so that 
scatfolding is not needed, . -. - ' | ' 

I lie only advantages- that cob -houses havci are that thev 
arc- easv to build and need \erv little construction equipment. 
However, shrinkage cracks can usually be expected and thev 
mav be serious. 




Figure 4. The right half of this residence in Greece shows trie 
wattle in place. Daub will follow. 
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Chapter 2 

soils ~-~^ffo what can be done with thIm 

N.tff al] soils can be used successfully for earth houses. ' A 
few "of them will be good in nearly any type of climate. Some 
'of then* .will be good only in dry climates. ^ Many.„soils can be 
made more suitable with "stabilizers," substances that hold them 
together or make them water resistant. The various kinds of 
soils, how to tell them apart, and how to find out what they 
will do, will be discussed in this chapter. 

Kinds of Soils 

Broadly speaking, there / are five kinds of soils: gravels, 
sands, silts, clays, and organic soils. "I 

Gravel consists of coarse pieces of rock varying in size from 
14" "across to 3". (Anything larger than 3 inches is called a 
boulder.) Gravel can be any 'shape— round , flat or angular— 
and it can be any type of rock— granite, limestone, marble, etc. 
If, it faFis apart or even gets soft after being under water for 
24 .hours, it is not gravel. 

Gravel is found in the beds of fast-flowing streams, in 
areas Once covered by glaciers and around mountaifis. 

Sand consists of fine grains'oj: various rocks, mostly quartz. 
It varies in size from 14 inch to about the smallest grain you 
can see with the naked eye. Separate grains too small to see 
are either silt or clay. , 

Sand is forfnd in the beds of most streams, except slowly 

flowing ones, on beaches, deserts, and in areas once covered by 
glaciers. 

Silt is rock ground up so fine you cannot see individual 

grains with the naked eye. Silt will tend to hold together when 

wet and compressed. Too much water may make it spong^ 
but it does not get very sticky. 

Silt may be found nearly any place: in the deposits of 
slowly flowing streams, in the "milky" colored streams coming 
from glaciers or mountains or where dust blown by winds has 
settled. 

Clay is a natural, earthy material that is sticky when wet 
but hard when dry.. Separate grains are too fine to be seen 
with the unaided eye. There are many different kinds of clay; 
some of them will shrink and swell greatly with drying and 
weiting, while others will not. 

Clays can be found in the valleys where slow-moving streams 
and rivers flow, in coastal plains, in the fan-shaped deposits at 
the bottoms of mountains. 

Organic soils have a spongy, or stringy appearance. The 
organic matter may be fibrous, rotted or partially rotted vege- 



nation, such as peat: Organic soils are v'ery spongy, wh*en mo^St 
and. have an odor of wet, decaying wood/ In nature, they y^l 
nearly always contain a lot of waler. The>y are 1 c.lark : cotfored, 
ranging from light brown to black. > ** " • 

:$ ' , *' n . r !?' . '' ■ " * 

Organic soils are usualK : ■ found where water has beelr 
standing for long periods, for' exacmple^irf |wamp areas. Tfr<t, 
dark-colored topsoii found rn marry areas'hwes its color 'to 
organic matter. !i ' « < 



The five, types of" soils" are seklorrggpupd separately Insfead,- 
you will find mixtures of them, such as a mixture c?£,sann and 
silt, or silt and clay, and so forth. By combining the na'mes 
of, different soil types yau^ can describe niosi of the properties 
of a soil nimyre. jffor example, a. soil wi#r mostly ^sand/j and 
a little silt y^mdjjM called a "silty\sand." *If^t is mostly silt 
with a smaff amount of sand, it would be a "sandy silt,," Some 
-common examples are: sandy clay,, clayey gravel, silty clay,, 
sahdv gravel, etc\jp 

r " * ' \ . 

iqf Types of Soil Is Best for Earth Houses - 

T$e~type of earth house you build, or 'whe&ier you build 
an earth house at a if, will be affected by the type «jof sojl avail-*) 

"able and by the climate. 01 ■ . \ " r 

s ' - \, a 

•travels by themselves «are ' not very" good for, ,ear<th houses 
becatJse the particles will not pack down and ^ hold togetheij'. 
Gravelly soils; can be used > if the rocks are not too large" and 
if there is something to hold the rocks together such as a little 
clay. Clayey gravels often work" out well. 

* •• , ° -ra 

Sarjds are about the same -as gravels. Since they will not 
hold ^together by themselves, something else such as clay must 
be.added. In fact,, some sandy clays and clayey sands nntke the 
best earth houses.! In the absence of good clay to mix with the 
sand, portlarrd cement makes an excellent stabilizer. 

Silts by themselves are not good for walls of earth houses. 
Although they will hold&together, they are not very strong soils. 
They are difficult to compact and should not be used for 
rammed earth, or pressed block walls. Silts also lose strength 
and become soft when they get wet. In wet, freezing weather 
thev swell and lose their strength. 

Silty soils can be stabilized to make a fairly good building 
material. Portland cement is good for sandy silts and lime 
works -on clayey silts. Asphalt emulsion or any chemicals that 
waterproof such soils will do just as well. 

Clays will pack down well if they have the right amount 
of water in them. In dry weather, though, they will shrink 
and crack and in wet weather they will absorb water causing 
swelling and loss of length. They would work well in extremely 
dry climates because they are very strong when kept dry; but, 
usually, °clays are not found in very dry climates. 
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4 (> k-u|ds •ul:^lays : Ijjc^" the red. iron- and alum in urn- 
r.btfariiig clay^ found in the? f^Qpics (sometimes galled lateritesjh 
'are Very stabie| clays. It is cg||n-nc>n ■> practice in tljese^ area.% -to 
cut blocks 'Tcyf 9 clay right out cj^ 'the ground and staek them up 
' to jmake earth |-waHs^~ -Experience- of one's neighbors with this 
method v?fil'l it e ill whether it is" suitable in your area.- 

h . •' 1 * " !V .n, fv . 

i <> /■. °' '■ •' k? ' 

? Many- other ctafs caif lie made Suitable with stabilizers. 
•One of the best' stabilizers for .clay js lime . ^There are some 
-ialavs that -should never be used in earth houses. They just 
w-i 11 not ' last . | " 

'ti ■ & r n ; ~ - ^ 

~@Rgutiw s§its cannot be. iiscd to make a good earth wall? 
..For one thing^'ihi^are.. tpo spo^igy. Soil that contains decomV 
posing- plant lift? continues to. deconipose^fijtf thus will never 
"set" 'right or,.J^)ld together over ajcmg period of fime, ; A good 
rule to" folio wjtiq this: - ''if the soil is gpdU for growing 'thin 1 
it Wiil not lie good Tot building.,, . * t, s v, f 

» Remember that the best na|ural s^'il you can use fP>r makin 
earth walls is a sandy 'tiay or a cffiyfy sands? If \ou happen -to^ 
,have such" a soil, you have as good a natural building material 
as can be found. Without the addition of angling mt#e than 
water, some kinds of sandy clays or xlaycy sands can Ije . 'made 
into walls that will last a lifetime— or even loftier. 

If you do not have* this "kind ofgsoil, you might be 5 able to 
make it. If you" happen 'to have mqstly sand, maybe 3 vtSfT can 
fii^d some clay to mix with-it, or if you have clay;, you might 
find sand to mix r with it, " ~ — - 

WHERE TO EOOK-Ohen you will find a situation liktr 
t his : beneath the organic topsoil, you will find a layer of sand. 
Below this js often found a layer of clay. By mixing the sand 
and .clay together you might make a good sandy clav. Also, 
remember that bn the top of rolling hills (not mountains) or 
ridges you are'itiore ltkcfy\to find clays, and sands will be most 
conVnon at the bottom. Probably just what you need, a mixture 
of. -both, "can be -discovered somewhere between. 

If you are fortunate and have (or can make) a good sandy 
clay mix| a wi^c choice may lie to build votir house of pressed 
blocks which will last as long as any of the other wall types 
and may be easier to do. However, with a good supply .of 
sandy clay available, both rammed earth and adobe can also 
be built very satisfactorily. 

If the only material you can find is verv clayey, probably 
you should build an adobe house. The clav causes the soil to 
shrink when it dries but since you let adobe blocks dry in the 
sun before you lay them in the walls, the shrinkage will not 
bother you too much. The next best thing to use is pressed 
blocks, since they also are dried before they are used. Rammed 
earth dries after it has been compacted in the wall and the 
shrinkage caused by too much clay will make the walls crack. 
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IJ: your material has too much clay in it, and not enough 

sand is available, the only thing to do is add stabilizers. 
•> . ' 

If „you.r soil is very sandy, with only a little clay in it, you 
will not be able to build any type of earth house without 
adding some sort of stabilizer to it. You can probably get^ by 
with the least amount of stabilizer by making pressed blocks. 
Next would be rammed earths 

Probably the most difficult type of house to select a soil for 
is 'rammed earth. *If the soil has a little too much clay in it, 
tg^is will tlSu.se shrinking and cracking of the ranf^iqd"earth 
walls whert they dry. If it has a little too much sand in" it, 
the walls might not hold up even during construction because 
the shocks from ramming might cause ft to crumble. If you 
do find *a soil that will be good for rammed earth, it will also^ 
be grjotl' iwr pressed blocks or adobe. Then/ you can choose 
ttte type of construction you vvaot b'asetl£?on which method seems 
to be easiest for you aim" gives the' best booking house. r v 

No matter what kind of soil you' have, it" is well to bear 
>in mind that the drier the climate year around, the more 
satisfactory the building will be, and the easier it will be to 
build well. 

I In areas where weather is subject to big changes in the 
course of a year, such as hot weather followed by freezes, which 
occur in much of the Temperate Zones, or areas that have 
definite wet and dry seasolis such as are common in the Tropic 
Zone, only the very best soils can be used without stabilizers. 

All this does not mean, however, that good earth houses 
cannot be built in wet climates or where great changes in 
temperature occur; it just means that under these conditions, 
more care must be used in choosing the "raw materials" and 
greater attention must be given to the use of^stabilizers and 
surface coatings. ~ 

FINDING OUT ABOUT YOUR 60/L-This is oiie of the 
most important jobs you "have to do. If you make a mistake 
now, it will cause you trouble later. For example, if you decide 
you have a good supply of sandy clay and it later turns out to 
be mostly sand, you will have to spend extra money for 
stabilizers that you had not planned on. 4 

You- will probably want your soil to come from a place 
as close as possible to #our house. 

THE FIRST THING TO DO IS TO GET SOME SAMPLES 
OF THE SOILS IN YOUR AREA-Here is the equipment that 
will help you do this. (See Figure 5.) 

1. A dirt auger to drill holes in the ground is ideal. Post 
h§le diggers are also good, especially if you do" not plan to go 
very deep. 
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Figure 5. Tools for soil selection and sa 

2. Pipe extensions for the dirt auger. These are necessary 
only if you want to look at-, the .soil at a depth greater than 
4 or 5 feet. ^ 

" <? 

3. Two pipe wrenches. Use -.these for adding the extensions 

to the dirt, auger. 

4. ■ Shovels. If you don't have a dirt auger you can use 
an ..ordinary shovel. • 

5. Pick-axes or mattocks. 

6. A supply of small bags (cloth, if possible) that will 
hold 10-30 pounds of soil. S 

7. A ball of "twine. 

8. A 6-ft. ruler. 

9. Paper and pencils. ^ ^ 

10. One or more large pieces of canvas about (6'x6') for 
soil samples. 

The. depth to which you are going to examine your soil 
will' depend a lot on how you are going to dig the soil for 
your house later. If you are going to dig by hand, you probably 
will not warft to dig more than 3 to 5 feet deep. If your soil 
will be dug by machine, you will want to examine the soil as 
deep as the machine will dig, perhaps 8. 10 or more feet deep. 

First, dig out and toss aside the organic topsoil. In desert 
areas, there will be little or no topsoil as such. In wet, tropical 
areas, the top soil may be several feet thick. Once you are 
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Figure 6. 



through the topsoil, start collecting the soil. The soil may 
change several different times, even at shallow depths. For 
this reason, you should separate each type of soil by putting 
it in a different pile. 

Usually, but not always, a. change in color of the soil will 
mean a change in soil type. The best \vay to tell whether 
you are changing soil types is to use the simple tests described 
in the next section. These tests require no equipment and can 
be done as you dig the soil." , 

Here is a typical situation. Below the topsoil you might 
run into a layer of sand. Save all of this sand and put it in 
a single pile. Then you come to a layer of clay. Put all of 
the clay into another pile, and so on. When you are finished, 
you may have several piles of different soils. Figure 6 shows 
how this is done. 

As you dig, write down 'the thickness of each layer, the 
color and type of soil, and an accurate description of the 
location of the hole. * 

Soils can vary widely even within a small area. For this 
reason, do not be satisfied with what you find in a single hole. 
Instead, dig several holes in an area that is big enough 
to supply all of the soil you want. If all of the holes produce 



14 



ifte me kands ^.jf ' S/oir;/,rombirie the. same tvpes yuo sepa.ratG" 
pi les, such ' as all 'ilic sand, samples Yogether,/ J aiHl' .all* the clay 
samples ' together. After making' somfc quick test*, win mav 
decide t'hai. a mixture of what you have should work, out well. 
Since vou Iiavf saved all of the soil .from the holes, vou -might 
find vou have the right mixture simph hv mixing t he • sand 
and day .into, one pile. But at 1 1 to -begHii'iin^ separate all the 
different kinds first until \ou are sure, of what \oii' have. 

■'When voir arc sat, isfietl that- vou ha\e examined . an area 
coh.iplete! v, put each- .'tnl tvpe in .separate ■ ,, hags. Label each 
J ba|*' ^ith the hole .(or holes) and the depth that it came fYo'tn; 
ThQ^d bags of soil will be used fOr^he tests thai, will decide 
the type of soil you' have„,arul the type of house vou show hi. build. 

— " ' How fo Identify Soils 

- . -tie re 'are' some si in pie tests that will toll vou what kind of 
soil vou have. 4 Do all of them, on all vour samples. Be sure 
that the samples that you test , aecurateh represent the soils 
you will use in building. 

If you are . testing sands or ^gravels, first 9 dry the soil' by 
healing or spreading a sample in the sun. Make it into a coikv 
shaped pile, and carefully divide it into four equal samples as 
shown in h igure 7. . ( lombine two opposite portions'' "into one 
sample and set aside the' ot her two. You. 'should end up with 
■about a shovelful of soil. If there is too much soil alter one 
such. ..separation, repeat the process of dividing and discarding 
until a suitable size soil sample remains. 
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VISUAL TESTS— The appearance of a soil can tell you 
some important things about it. First 'spread the dried soil 
out in a thin layer on a flat surface. Then roughly separate 
the sand and gravel sizes by hand. 

Do this by putting air of the particles from the largest * 
down to the smallest that you can see with the unaided eye 
in one pile. This will be the sands and gravels. What is left 
(normally this will be very fine powder-like materials) will be 
the silts and clays. If the silt and clay pile is larger than the 
sand-gravel pile, call the soil silt-clay for now and remember 
this.. Other tests, described later, will tell you which it is. 

If the sand and gravel piles together are bigger, . you have 
a sand or a gravel. Decide which it is by putting all of the 
particles larger than 14" (gfavels) in one pile and all of the 
smaller particles (sands) in another pile. The soil is gravelly 
it the gravel pile is biggest and sandy if the sand pile is biggest. 
Remember which it is. 

Here is what you do if you have a sandy or gravelly soil: 

Take a small handful of the entire sample (not. just the 

/ } sand and gravel) , get it moist but not soupy, squeeze it 
into a ball, and let it dry in sun. If it falls apart as it 
dries, call it "clean." Clean sands and gravels are not 
suitable for earth houses unless they are mixed^with other 

materials. 

» 

Here is what you do if you have a silt-clay soil or a sand or 
gravel that is not clean: 

Take the entire sample and collect all of the soil that rs 
smaller than medium sand (1/64") by sifting through a 
.very fine screen or a piece of -coarse cloth. The tests 
described below should be made with this fine material. 

'' WET SHAKING TESTS-Take enough, of the- soil to form 
a ball the size of a small hen's egg and moisten it with water. 
The ball should have just enough water in it so that it will 
hold together but not stick to your fingers. Flatten the ball 
slightly in your palm and shake the ball vigorously. This is 
done by jarring the hand against some firm object or against 
the other hand until the shaking brings water to the surface 
of the sample. The soil may have a smooth, shiny or "livery" 
appearance when this happens. (What you are looking for is 
to see how fast the water comes to the surface and gives the 
livery appearance.) Then, squeeze the sample between your 
thum,b and forefinger to see whether or not the water dis- 
appears. 

The following are terms used in describing the speed, of 
the above reaction (See^ Figure 8) : 

1. Rapid— W hem k takes only five to ten taps to bring 
water to the^surface, this is called a rapid reactipn. Squeezing 
the sample should cause the water to disappear immediately 
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so the surface looks dull. Opening the hand quicklv should 
accomplish Ihc same result. CoiViihifpI, pressure causes the 
sample to crack and finally crumble. This t\pc of reaction is 
t\pical of very fine sands and (\oarse silts. Even a little hit of 
c la\ will keep (1# reac tion from being rapid. 

L\ Shtggis/i (or Slow) Heart ion— ■When it takes 20 to MO taps 
to bring the water to the surface, you have a sluggish reaction. 




\ / 




figure 8a. Rapid reaction to the shaking test. 
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Figure 8b. Sluggish reaction to the shaking test. 

Squeezing the sample after it has been shaken will not cause 
it to crack and crumble. Instead; it will flatten out like a ball 
of putty. This shows that the soil has some clay in it. 

3. Very Sloic or No Reaction— Some soils will not show 
anv reaction to the shaking test, no matter how long you shake 
them. The longer it takes to show a reaction, the more clay 
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Figure 9. The thread test* 



get continually smaller. (See Figure 9.) If it breaks before you 
roll it out to a y s " diameter thread, it is too dry and you need 
to add some more 1 water to it. When the soil is at the right 
moisture content, the thread will begin to crumble into several 
small pieces just when you get it to a diameter of l/gf. If the 
thread does not crumble and break at y 8 ", lump iti together 
again, knead it into one lump, and repeat the rolling process 
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the soil contains. # These soils will reqfiire ihc other tests 
(lescribed below before von cm tell much about [hem. r 

THREAD Tr:.S7 — 1 o a lump of soil about, the si/c of an 

oli\e, mix just enough waicr su the lump can Ire casilv molded 
in viiiir kinds, but is not sik;k\. Next, on a flat clean surface 
roll out l Lie soil into a thread. Use (he palm of vour hand or 
finders abd 'exert just enough press m:e to make the soil thread 




Figure 8c. A soil that did not react to the shaking test. 
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until the thread cmmblqi at Vs" diameter, if The «hr*?ad *'jjIJ 
eventually crumble becau^ft dric* a* \ou keep xoilfnu tt ouij 

As soon as the thread crumbles. re-mold the umple into 
a ball and see how much pressure it take* to squeeze the ball 
between your thumb and forefinger. 

This test gives an idea of how much eta* i* in a soil and 
also what type of day J it is. If the soil crumble* easily and 
yqu. cannot foil the soil into a thread at any moisture content. 

.•Kit" means that the $6il does not have any clay in it. Here 'arc 

"some of the other reactions you »can expect: 

1. ' Tough Thread— It the remolded ball can Ik deformed 
only with a lot of effort ami it does not crack or crumble when 
you do it, your soil has a lot of clay in it. It probably will 
not 'be 'good for earth walls unless you use a stabiliser. 

* '• 2. - • ''Medium .-. St retigth Thread—This kind of soil can be 
remolded into a ball, but when the ball is squeezed between the 
fingers, it will crack and easily crumble. This soil may be good 
but may require some stabilization for certain areas. Check 
Table 1 to be siire. 

3. Weak Tfiread— When' the soil has a lot of silt or sand 
and very little city, you will find that the threads cannot be 
lumped together in ,a; ball without completely breaking up or 
crumbling. This soil may be good for earth walls; check Table 
1 to be sure. * 

4. ^Soft;. Spongy '^Thread— Sometimes. you will find that the 
threads ancT the ball ; ;that you make witij them will be spongy 
and soft. You can squeeze the ball between your fingers, but 
it acts like a sponge a^d bounces back. ,When this happens, the 
soil is organic and it's> t not suitable fqr ! building earth houses. 

RIBBON TEST— this test givles "about the same kind of 
information that the thread test gives. It helps to do both tests. 
One checks out the other. 

Take enough soil to form a roM- aboift the_?fte of a cigar. 
The roll should not be sticky, but wet enough- to 1 ' permit being 
rolled into a %" diameter thread without ferumbling, as in the 
thread test. Put the roll in the palm of your hand o and, starting 
at one end, flatten the roll by squeezing it befWeen the thumb 
and forefinger to form a ribbqn - between- and thick, 
(See Figure W).) Handle- the soil very carefully to form the 
maximum length of ribbon that the soil will support. See how 
long the ribbon will' hold together without breaking. The 
reactions you, can expect are described below.* 

1. Long Ribbons— With some soils the ribbon will hold 
"together for a length of 8 to 10 inches without breaking. This 

means that^ the soil has a lot of clay in it. Soils of this type 
will make long-lasting earth wall* only if they are stabilized. 

2. Short Ribbons— It you can— with some difficulty— ribbon 
the'soil into short lengths of about 2, s tb 4 inches, the! soil has 
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Figure 10. The ribbon test. 



a medium to small amount of clay in it. It will be about the' 
same as the soils that give a medium or weak thread in the 1 
thread test. This soil will make good walls in many cases but . 
to be sure check Table 1 . 

3. Will Not Ribbon—Some soils cannot be formed into 
ribbons at all. This means that they contain either a very 
small amount of clay or none at all. Such soils with a little 
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clay may make good rammed earth walls. If the soil is all sand 
it is not suitable unless stabilized heavily with portland cement; 
fo be sure, check Table 1. 

■DRY STRENGTH TEST-Thh is another simple test that 
will help you' determine how much clay you have in the soil. 
Prepare two or three wet pats of the soil about t/ 2 " thick and 
I" to 'J." wide. Use enough water to make the soil quite soft 
but still strong enough to hold its shape when you* form it into 
pats. Then allow the pats to dry in the sun or in an oven, 
until they are dry all the "way through. Break the soil pat and 
then try to powder it between your thumb and forefinger. 
Here is what you are looking for: 

1. JUgli Dry' Strength — If the sample lias '"high dry strength 
it ■will be very difficult to break. 'When it does break 'it will, 
snap, sharply, like a crisp cookie. You will not be able to 
powder- the .soil -bri ween \otir thumb ..and foref inger. — You may — 
be able to crumble it a bit with your fingers, but don't confuse 
this with powdering the so'ft.. Soils with this reaction have a 
lot of clay in them, and they will be satisfactory only if 
stabilized. <i- 

2. Medium Dry Strength— When a soil has a medium dry 
strength, it will not be too hard to break the soil pat. With 
a little effort you will be able to powder the soil down to its 
separate grain sizes between your thumb and forefinger. This 
soil is good but may require a stabilizer' to reduce shrinkage; 
check table I. 

*' '''Eltne Dry Strength— A pa t with very little 1 clay "will break ■ 
without any trouble. It will powder easily. Pats of very sandy 
soils will crumble in your hand before you have a chance to 
powder them. Before a final decision on the use of this soil, 
check Table 1. . 

The four tests described above are the most important ones 
and it will pay you to use them ah in 'finding out about yotir 
soil. .There are some other simple tests that will also aid yon. 
Use them if you need ' to. ' They are given below. 

ODOR TEST— Organic soils have a musty odor, especially 
when freshly dug. You get the same odor for dry organic soils 
by wetting and then heating them.- Don't use these soils in, 
earth walls. 

BITE TESTS— This is a quick and useful way of identifying 
sand, silt, or. clay. Take a small pinch of the soil and grind it 
lightly between your teeth. Identify the soils as follows: 

1. Sttndy Soils— The sharp, hard particles of sand will grate 
between the teeth and will create an objectionable feeling. Even 
very fine sands will do this. 

2. Silty Soils—Silt grains are much smaller than sand 
particles and although they will still grate between the teeth, 
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they are not particularly objectionable. They-ieel a lot smoother 
than sands. 

3. Clayey Soils—The clay grains are riot gritty at all. 
Instead, they feel smooth and powdery like flour between the 
teeth. You will find that a dry pat of soil with a lot of clay 
in it will tend to stick when lightly touched to your tongue., 

SHINE TEST— Take a pat of either dry or moist soil and 
rub it with your fingernail or the flat side of a knife blade. 
If the soil contains silt or sand— even with the remainder being 
clay— the surface will remain dull. A soil that has a lot of clav 
in it will become quite shiny. 

■TRY WASHING YOUR HANDS-You can tell a lot about 
a soil in the way it washes off of your hands. Wet clayey soils* 
feel soapy or slick, and they are hard to wash off. Silty soils 
feel powdery like flour, but they are not too difficult to wash 
off. Sandy soils rinse off easily. 

Color is important in classifying soils. Olive-greenish and 
light brown to black colors may mean organic soils. Red and 
dark brown colors may come from iron in the soil. Soils with 
a lot of coral, limerock, gypsum, and caliche may be white or 
some shade of gray. 

After you have done all of the tests given above and have 
.-decided what the reactions to fhem are, you are ready to use 
Table 1.- It will tell you exactly what kind,, of soil you have 
and what kind of house you can build with your soil. 

Here is the way to use Table 1: Suppose you found that 
'your soil was a gravelly soil. This means that the sand and 
-gra v eT-pi-1 e*=tGgeUiet. werf large r t han the silt-c lay pile,. and tJie 
gravel pile was larger than the sand pile. Use the gravel chart 
in Table 1— this is for the gravels. Suppose the tests you did 
on the part that passed the fly screen showed your soil reacted 
rapidly to the shaking test, had weak soil threads and very low 
dry strength. Then your soil would be a siltv gravel. It would 
not be suitable for earth houses without stabilization. 

Getting More Exact 

Of course, the tests just jdescri bed are pretty crude accord- 
ing to the standards of a soils engineer. But once you have 
performed them a few times and "get the feel" of your soil 
they will give you the information you need. 

However, in order that you might know what a soils 
engineer would do, following is a list of tests that he would 
perform (or you could do yourself if you had the equipment). 
If you can do these tests yourself, or have someone do them 
for you. tables— similar to Table 1— can be used to determine 
more accurately the type of soil you have and what can be done 
with it. The tests are described in detail in Appendix A. 
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1. Gradation tests will tell you fnore exactly about the size 
of soil particles. There are two techniques of doing this, a 
simple method which uses little equipment, and a more com-/ 
plicated method involving special equipments 

2. Lineal shrinkage tests are. a fairly accurate and simple 
way of telling how much clay your soil contains and how the 
clay will act as far as shrinking and swelling is concerned. 

3. Attevberg limits give you much the same information 
that the lineal shrinkage test does,, but more accurately. 

Tests on Blocks 

The simple field tests you have done tell you much more 
than you knew about your soil before. But these tests alone 
can't tell you everything you need to know about your soil. 
For this you must do some more, tests. These tests will require 
you to make some actual block's of the type of construction 
_recpmmended for your soil in Table 1. It takes about a month 
to make, cure and test the samples, but it is worthwhife. Your 
house, well made, wijl last a lifetime. 

It is best!" to use actual size blocks as test samples, but if 
you are testing many different soils, or one soil with several 
stabilizers, this may require a large quantity of soil. Then, 
you can make smaller test samples roughly this size: 6x3x2 
inches. You will need 7 test blocks of each soil. This will 
take about 4 shovelfuls of soil for these blocks. 

If Table 1 shows that your soil might work with more than 
one type of earth construction, then the best thing to do is to 
make 7 test samples of each type recommended, test the samples, 
and then decide on the type of construction to use. 

When you have done all the tests and finally decided on 
your soil and type of construction you will use, it is a good 
idea to make a few ^ctual size blocks (if you used 6x3x2-inch 
blocks in your evaluatkm tests) and test them just to make sure 
they act like the smaller blocks. ^ 

-.Here is what ycm'qlo for the different types of earth con- 
struction. "' 

ADOBE— First, see how water mixes with your soil. If it 
doesn't mix easily into a smooth mud, but instead sticks to 
everything including your mixing tools, it won't make a satis- 
factory adobe house. (It contains too much clay.) 

If you still would like to use adobe construction anyway, 
you will have to add a stabilizer. There are several, as you 
will see from Chapter 3, but let's suppose you've decided to 
use lime. 

For one test block mixture, add one part of lime to 50 
parts of soil; for another, add one part lime in 25 parts soil, 
and for another, one part lime in 17 parts soil. Make enough 
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Figure 11. 



of each of these mixtures to make 7 blocks. Mix the soil and 
stabilizers together until you get a uniform color. Mixing is 
very important; so, do it well. 

Then— whether your soil has stabilizer in it or not— gradu- 
ally add water until you have a thick mud.- You can tell when 
it is right by running a pointed stick through it. If the bottom 
of the groove barely closes due to its own weight, it is right. 

Place your wet soil mix in a form box. Figure 1 1 -sshows 
a form box for small samples that has enough space for eight 
1 blocks, 6x3x2 inches. 

You can be sure the forms are properly filled by working 
the mud around a bit with your hands until there are no more 
air pockets. Scrape the excess mixture from the top of the form 
,jvith a board or the edge of your shovel. 
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Let the 'form set about fifteen minutes so that it ran be 
lifted 'off the blocks witfVout the blocks losingthejr shape very 
much. //' the hlotks \hinijt at \rtH%. vou have added too much 
water ami vou "should begin again. \ 

After a few (lavs, turn the blocks on edge and let ihem cure. 
I. el it>i\/iihilizcii blocks cure in the sun for font weeks. 

II the test blocks contain a stabilizer. fW\ should be 
sprinkled for at least the first week, or else kept fill I \ covered 
to keep them moist. Mocks should, be protected- from rains 
with anwhing that will keep the water .off them. At all limes, 
however, air should be able to gel to them. 

W hile the ..blocks are curing, if large, open cracks appear, 
vou can tell without waiting for four weeks that thev contain 
too much cla\.'- l ull si/e adobe blocks should not have more 
than 2 ,or .'1 narrow cracks and these should not go completely 
through the block. The small ux.Sx2-iiich blocks should not. 
have anv cracLs at all. If the blocks can be crumbled easily 
alter a week or so. the soil is too sandv. 

When the adobe blocks are fullv cured thev are icadv to 
be tested. ' • 

PRESSED- BLOCKS A \'D RAMMED EARTH-Onc of the 
differences between making adobe block and pressed block or 
rammed earth lies in the amount of water ■used in preparing the 
soil. Adobe, we will call "wet"; the others should onlv be 
"moist." It ' is important to get the''ri'$ht amount of moisture 
in the soil. Proper and complete nuxing is also essential; 

, To check the moisture content take a handful of moist 
\oil and make a ball with vour hands about the size of a small 

s ■ 

(grange. Press it' together as firmly as you can. Then drop it 
onto a hard surface from shoulder height. If ?t shatters into 
pieces so that- it is about the wav it was before you molded it, 
the moisture content is ; right. If it breaks into a few large 
pieces or flattens out. it is too wet. If it is difficult to x press 
into .a ball that holds together, or if you can crumble it easily 
between your fingers, it is too dyx This test will apply whether 
the soil is stabilized or not. 9 

Once the moisture content is correct, vou are ready to make 
trial pressed blocks or rammed earth. 

Of course, if you have a machine for making full size blocks, 
use it. If you do not, you will need a mold such as shown in 
Figure 12 and some means of applying pressure to compact the 
soils. You should apply about 300 pounds for every square inch 
of block surface so the molds will have to be able to withstand 
a lot of pressure. Make each of the trial blocks exactly the 
same way. 

Remove each block from the mold and allow it to cure the 
same way as the adobe, for four weeks) Look for cracks in the 
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Figure 12. Mold for pressed blocks. 



blocks during the curing period. If full size blocks contain 
more than one narrow crack in them, they will not be suitable. 

Rammed Earth 

Make a form as shown in Figure 13. about one foot by 
one foot by eight inches deep inside. It should be made of 
seasoned lumber that will not shrink, and it should be coated 
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Figure 13. 



with oil before using it. Then make .:a tamper for ramming 
the earth. A simple tamper can be made by threading a heavy, 
flat-faced piece of metal on to a piece of pipe. (See Figure 79a.) 

Fill the form (not including the collar) about s/ 4 full of 
loose well mixed soil and ram it 50°times. Then put the same, 
amount in the form again, and ra§i it 50 times. You should 
end up with a block— made up of 2 layers— slightly more than 
6 inches thick. Use a knife or flat piece of steel to smooth the 
top of the block. Be sure that you ram each of the trial blocks 
\the same wav as all. the others. u 
\ 
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Remove the ionn from all blocks except the last one made 
and cure the blocks the same as adobe. The last block should 
be carefully cured in ihe form. If the soil shrinks a way from 
the i'urm as it dries, ii will not be .suitable for rammed earth. 

-• .% -TESTS OS ■ /i/.OCA'.S— After all test blocks have cured for 
at least four weeks, the test described below can begin." 

AHSORVTIOX Tl'.S'V— 1 his test tells \ou how fast vbur 

Jjlocks will soak tip water and whether the water will, cause 

them to swell. It, should be done on every soil v'bu imend to 

use in earth walls, rciru rd less of the,t\pe of const met ion used. 

i. . 

It. havt*- several -soils available and are Irving' 'to decide 

which one to use. this test can help sou decide, 

F.(j 1 1 i pn lei it and supplies needed.: ..— ■ - • - " " * 

1. Two ol vuwr seven blocks ol each soil mixture. 

2. A shallow pan that withhold watoi; at Ic;i,,st I" deep, 
and ■ large., enough to hold several blocks at once. I'se hf aw 
wire grating or mesh to fit in the pan for the 'samples to rest 
on. The grating should be placed in. the pan so the samples 
will be in t, s " of water. Support' the wire grating in several 
places so it will not collapse when 'several samples ' are placed' 
(in it. Make a hole in the side of the pan at the correct level 
so that the. water will not get higher than i 8 " on the samples. 
Then, by letting a small amount of water drip in the pah and 
run out of the hole urn can be sure thai the samples will "afwavs 
he exact I \ i s " deep in water. Figure 11 shows how one of these 
pans looks. 




Figure 14. Laboratory facilities provide close control of special 
soil tests sucjh as the absorption test abdve. This test may be 
performed inj the field with minor modifications. 
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Figure 15. Simple lever test for determining strength of bfbcks 
(see Table 2). 



3. Fine wire screen (like fly screen) ' to be placed ..between 
the blocks and the wire grating to keep weak samples from 
falling through the wire grating. 

4. A 1 -ft. rider divided to l/16ths inch- with at least 1 inch 
divided into 1 /32nds inch. 

5. Wax paper, or plastic sacks, if available. Get the right 
size to fit loosely over the samples. These sacks are not abso- 
lutely necessary but they will make your test more accurate 
because they keep water from evaporating from the samples. 
They are. .most f useful when the; test is performed in hot, dry 
weather., * 

6. A supply of clean water. 

7. A clock or watch. ■ • ... <■ 
•8. A form such as shown on page .37. 

The test starts as 7 soon ; as the block touches the water. 
Blocks are stood in exactly \/ % '' of water. As they soak up the 
water, you will see a wet line extending around them. After 
5 minutes, with your ruler measbre the height of the water 
line above the bottom of the block. Often this line will not 
be straight and level. Measure the best average height you can" 
get to the nearest 1/16". " Measure a^ain at the following times: 
1, 2, 4, 8, 24 hours, and once each "day. thereafter or until' the' 
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water readies", the top of ihe block. The heights that you 
measure ...should lie written down on vour form. Also, write 
down the lime , when [lie wa.ier rises to the top of (he block 
and all of ( he block is wet. 

It hhi have a scale, weighing ihe blocks each lime sou 
measure heights .will give a belter idea of when the block stops 
absorbing' water. I here is a .space for the weights on the form. 

l'o check whether the block swells, measure the longest , 
side of the block to the "nearest 1/32" before the test starts.'' 
At the end of the test measure the block again at exactly the 
same place. 1 here is also - a »place for. these ^measurements on 
the form. « 

A sjjood time to test votir blocks for sirengtli is at the end 
of the absorption test, because thev arc in tfieii" weakest condi- 
tion then. lest tluftJi as soon as the water line reaches the 
top. of the block and call this the '"wet" strength of the block. 

S F I\ l:\ (, I H. I l:S /'— 1 he strength of soils is determined,, 
by crushing (compressive strength) rather than by pulling 
apart (tensile, strength). I his test is \er\ important for ear/h 
houses and should be done with a great deal of care. / 

Equipment and supplies needed: ^ 

\. I wo of. vour dried, cured blocks plus the two. absorption 
(est blocks. Ihe si/e and shape of the blocks is verv important 





Figure 16. In the laboratory 4 universal testing -machine can 
be used to determine the unconfined compressive strength of 
a sample. The sample being tested is a CLNVA-Ram block. 
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Figure 17. 



when testing a soil to determine its compressive strength. They 
should be roughly twice as long as they are wide. Your 6x3x2- 
inch blocks are ideal, but the rammed earth blocks should be 
trimmed to size first. Do this carefully so the blocks are not 
damaged. 

2. A way to apply and measure the load to crush the 
blocks. In commercial laboratories they use a machine such 
as shown in Figure 16. Another way is to use a hydraulic jack 
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with a gage on it thai will accurately measure the crushing 
load. You can also make an attachment for the CINVA-Ram 
block-making machineas shown in Figure 17 that will break 
the blocks. Note, that in this figure the block is not in the 
correct position for. a compression test. You can also make a 
simple, lever type machine such as the one shown in Figure 15. 

3. A 1 -ft. ruler divided to I / 16th inch. 

4. A copy of the form shown on page 37. 

The methods discussed here will be easy ones which require 
little or no equipment. If you have any of the better equip- 
ment mentioned above, the test procedure will be about the 
same. The results will be more accurate, of cfmrse. 

The blocks should be tested by loading them in the 
direction of their longest dimension. Make sure that the top 
and bottom are square so the block does not tilt during loading. 
The exact area of the block is important. To get it, measure 
the exact dimensions of the crushing face, and multiply them 
together. Write this down on your form. 

TEST FORM 
Soil Information 

Location of Soil . 

Depth - ^_ : 

Type of Test Block ( Circle One) Adobe Pressed Block Rammed Earth 
Amount and Type of Stabilizer '. . 



Absorption Test 

Height of Weight of Height of Weight of 

Water Line Block Water Line Block; 



Time No. 1 No. 2 No. 1 No. 2 Time : No. 1 


No. 2 No. 1 No. 2 





2 day 8 




5 mins. 


3 days 




1 hr. 


i days 




2 hr. 


5 days 




A hr. 


6 days 




8 hr. 


7 days 




24 hr. 






Time for water to reach top of block 




Tw»ngth nf Hiork hpfnre sta rt. of trst 




Length of block at end of 


t.pRt. 






Strength Test 




Dry Block* 


Wet Blocks 


Block 1 


Block 2 


Block 1 Block 2 


Area, of block, 


Area of block, 




square inches 


square inches 




Crushing 


Crushing . 




distance/ ft. 


distance, ft. 




Cmsihing 


Crushing 




strength 


strength 




"8 


mple" Strength Teat 




Block 1 (circle one) — 






Very soft. 


soft, medium, stiff, 


very stiff, hard 


Block 2 (circle one) — 


Very soft, 


soft, medium, stiff, 


very stiff, hard 




Spray Test 




Depth of Pits 


Block 1 


Block 2 



I sing the lever ai i augemcnt shown in Figure 1"). plate the 
block under ihe lever and apply the loud. Figure 1"> shows 
a 130-pound man silting <«n the lever., but vou could also hang 
a bucket id stones or water (or anything weighing 130 pounds) 
from the lever. Start with the man or weight close to the 
block and move slow I v outward to the end of the level until 
the block breaks. I hen measure the distance from the end 
(or chaiu'i to the weight. Call this the Hreiikitig Distant r. 
From Table '1, vou can find the crushing strength of the block. 
Fc»r in-beiween dimensions not shown in the Fable, vou can 
estimate with good accural. v. j 

F„ven if von cannot make the lever machine shown in 
Figure \ r >. vou can still estimate the wet strength of blocks 
following the absorption test. (All dry blocks will be hard, 
and it would be difficult to even estimate the difference in 
strength between several blocks without some sort of equip- 
ment.) For this, use the "simple" strength below: 

"Simple" S I' RE\ (; I 77 TA'.S'T —The reactions that you can 
expect to this test are as follows: 

J en Soft— The block can be easily piriched apart with only 
the thumb and forefinger or it may. even slump under its own 
weight. o 

.So//— If the block can be easily penetrated several inches 
with the thumb, call it "soft." 

Medium — If the thumb will penetrate a block about 1 inch 
with moderate effort, it is of medium strength. 

Stiff— Soils which are stiff can be indented with the thumb, 
but onlv with great effort. 

Veiy Stiff— Ihe soil cannot be penetrated at all with, the 
thumb, but it can be penetrated with the thumbnail. 

Hard—Xerx difficult to dent with the thumbnail. 

TABLE 2 

CRUSHING STRENGTH OE BLOCKS FROM SIMPLE LEVER TEST 



"CRUSHING DISTANCE" 
Dist. (Length From End of Lever To Weight 

"B" For Blocks of Strenjrth Shown) 



Area of 
Block in , 
Square 
Inches 



4 

4'... 



7 1 ,. 
8 

1* 
19 
20 



12" 
12" 
12" 
12" 
12" 
12 " 
12" 
12" 
12" 
6" 
6" 
6" 



100 psi 

3'-0" 

3'-5" 

3'-10" 

4'-2" 

4 

5'-0" 

5'-5" 

5 '-9" 

6'-2" 

6*'-U" 

7'-4" 

7'-8" 



123 psi 

3'-10" 

4'-4" 

4'-10" 

5'-4" 

5'-9" 

G'-3" 

6'-9" 

7'-2" 

7'-fv" 

8'-8" 

9 '-2" 

9'-7" 



150 psi 

4'-7" 
4 '-2" 
5'-9" 
fi'-4" 
G'-l 1" 
7'-6" 
8'-l" 
8'-8" 
9'-3" 
10'-5" 
ll'-O" 
11 '-6" 



250 psi 

3'- 10"* 
4'_4"* 

4'-10" 4 

5'-4"* 

5'-9"* 

fi'-3"» 

6'-9"* 

7 >.z>"> 

!■-»"* 

8'-8"» 

9'-2"* 

9'-7"» 



300 psi 
,>4'-7''* 
5'-2"' 
5'-9"' 
G'-4"* 
6--11"* 

i'-r,'.' * 

8--1"* 
8'-8"* 
9'-3"* 
10'-5"* 
ll'-0"* 
ll'-6"* 



Where • appears,, use 2 men lor 2603T weigrht ) on lever. Measure 
distance from point "A" of lever to center of the weight. 
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The oulv blocks which will be normally suitable for earth 
houses are those which arc called "hard." "Very stiff" on« 
may be suitable for dry areas. 

Remember to do the strength test on both the dried; cured 
blocks (call this the dry strength) and on wet blocks after the 
absorption test (call this the wet strength) . Always use at 
least two of your blocks to determine their strength. Use the 
average strength of the two blocks. 

SPRA Y TEST— I his test tells you how your block will hold 
up fn a hard, driving rain. Most accurate results require 
laboratory equipment, but there is also another way that is- 

-.■.satisfactory. * 

Equipment and supplies needed: 

1. Two of your seven blocks of each mixture. 

2. A spray nozzle that can produce a hard spray all over 
a block. A four-inch diameter shower head is usually used. 

3. Some wire mesh covered with fly screen, such as used 
in the absorption test, to place your blocks on. 

4. A water supply that will deliver a fairly constant « 
pressure for two or more hours. . The water pressure usually" 
used is 20 pounds per square inch. 

. 5. An accurate gage for measuring water pressure. Mount 
. the gage in the pipe supplying water to the spray nozzles at 
a point near the nozzles. 

6. A copy of the form shown on page 37. 

A set-up for the spray test is sjjpwn in Figure 18. 

' " Place the wire mesh on bricks or wood blocks so it is 
suspended a few inches off the ground. 'Then put the test 
blocks on the mesh With their largest face square to the spray 
nozzles and exactly 7 inches from the nozzles. Start the water 
spray, keeping the water pressure as close as possible to 20 
pounds per square inch. 

After two hours of spraying remove the blocks and^ examine 
them closely. Measure the depth of pitting or surface erosion. . 
Also write down the time required for any blocks to completely 
fall apart or get washed away by the spray. 

Be sure and write down the results of -the spray test on 
your form with the results of the other tests so you will have 
a permanent record of all of the tests. 

Now that you have done these tests, you must look at the 
results and decide whether your blocks are suitable for making 
earth houses. Remember that soils vary a lot. It will be hard 
—even with these fine tests— to teJl exactly how your soil will 
act. But if you use the tests wisely, and benefit from your 
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Figure 18. 



ne ighbor's experience with earth houses, you shoulil he able to 
build a safe house. 

Mart bv looking at the results of the sprav test. If vim 
live, in an arid <dr\) area-one where the rainfall is less than 
L'O inches per vear— then your bricks arc sal isfartovv if tliev 
ha\e some pitting, sav )/," to deep. 

If \ou live in an area where the annual rainfall is between 
-ZU and 50 inches per vear, then the blocks should have only 
■rumor pics. less than 14 " deep. 

It \ou !i\e in an area where'the ,<mnuaU rainfall is greater 
than M) inches per year, then vour blocks should liave no pitting 
at all. but slight roughening of the surface is to be expected. 

I-01 the requirements' above, it is assumed that adequate 
protection from splash exists. This means that either the 
foundation wall is high enough so the lowest soil laver or 
blocks do not get splashed, or that the blocks' in the splash 
region at the bottom ate protected. 

If vour blocks do not meet the requirements above, then 
}ou must do .something to them if you want a long lasting 
house. Here are sonve things that vou can trv: 

1. Change the amount of sand in vour soil mix. Some- 
times more sand will help. It's worth a trv. 

2.. Try a surface opting. (See Chapter 14.) One of the 
main reasons for the use of surface coatings is to reduce the 
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amount of erosion clue to the weathering simulated by ^,'the 
sprav test. When you test a block with the surface coating 
of vour choice, the entire block must be coated even though 
vou will coat only the outside face in the actual building. 

3. T ry adding one of the stabilizers discussed in the next 
chapter. Even, small amounts of lime,, cement or asphalt will 
often increase the resistance of blocks to spray tests. In fact, 
"iou might try anything that you have in the way of waste 
products. But vou should remember that the addition of 
stabilizers will also change the way the soil acts as far as streWgth 
and absorption. For example, small amounts of limp and 
cement mav decrease the strength of the soil slightly t Sq when 
vou trv a stabilizer, vou must also start all over again with the 
other tests such as the strength and absorption. 

The results of the absorption test are much harder to 
analyze than those from the spray test. All soil blocks and even 
burnt clav bricks will absorb some water. (In fact, during 
recent tests high quality burnt clay bricks absorbed as] much 
water as pressed 'earth blocks.) For earth houses, you \ would 
like to have a soil that will absorb little water, and which 
will not swell or lose strength during absorption. Unfortu- 
nately, this will occur with only a few unstabilized soij&r How^ 
ever, by looking at the absorption- test— ott eartrr^biocks^n 
Connection with the strength and length changes of the blocks, 
you will at least be able to tell much more than from the 
absorption test alone. - ! 

Blocks made of clayey soils will take longer to absorb 
moisture than sandv blocks, , but walls made from clay blocks 
will absorb more moisture over a long period and the moisture 
will creep higher in the wall. In dry areas— less than 20 inches 
of rainfall per year— the absorption of blocks can be high and 
thev will still be satisfactory if they are.. strong enough when 
wet. On the other hand, blocks which absorb a lot of water 
will not be suitable in very wet areas even ff~they are strong. 
The inside of the house will be much too damp and wet to 
be comfortable. 

Stabilizers can reduce the absorption. "Asphalt emulsions 
do well on sandy blocks. Lime works on clayey blocks and 
will also increase the wet strength and reduce the swelling. 

Length changes during absorption on small test blocks 
ithosc less than 6 inches long) should be less than 1/32 inch. 
On large or full size blocks, allow no more than 1/32 inch for 
a block one foot long. If this amount is exceeded, it can be 
reduced by adding stabilizers but again this means that other 
properties such as strength and absorption must be checked 
for the new mixture. Adding sand to clayey blocks wijl help, 
and lime and cement also do a good job of reducing the swell- 
ing. I nlike blocks which show too much spray loss, those 
which swell too much cannot be protected by surface coatings. 



The water will eventually get through the coating and coating 
will crack when the blocks start to swell. 



Strength of your earth blocks is an important factor. Adobe 
and rammed earth should have a minimum: dry strength of 
250 pounds per square inch. Pressed earth blocks should have 
a minimum dry strength of 300 psi because they ar.e used in 
thinner walls. Nlost soils will be this strong when dry unless 
they are very sandy or have a lot of organic matter in them. 
But 1 the wet strength of the blocks after Absorption is even 
more important than the dry strength. Tests have shown that 
the wet strengths should be at least one-half of the dry strengths. 
This means that adobe and rammed earth should have a 
minimum dry strength of 125 pounds per square inch and' 
pressed blocks should, have. a. minimum strength of 150 pounds 
per square inch. f . 

In dry climates— less than 20 ijnehes of rain per year— you 
can get by with 100 pounds per [square inch for adobe and 
rammed earth if you use a good | surface coating and if- the 
dry strength of your test Iflocks whs high enough. . 

In wet climates— more than 80 /inches of rain per year— 
you~shoukl try to get wet ■ strengthi which are close to the ones 
given above for dry strengths. ]T/his means 250 pounds per 
square inch for adobe and rammed earth and 300 pounds per 
square inch lor pressed blocks. I 

When the tests are finished,; you will have one. block left 
from the original seven. It is a spare in case one of the other 
blocks breaks. Biit you can also use it for some special tests. 

• TABLE 3 

SUMMARY OF TESTS ON BLOCKS 



Less than 
20 inches 
-rainfall- 
per year 



Between 20 
and 50 inches 

rainfall 

per year 



Greater than 
50 inches 

"rainfall 
per year 



Spray 
Test 



Pits -less" than- 
%-inch deep. 



■/•Pits^ess"th"an 
^-jnch deep. 



No pittihgr c bTsur- ' 
face, slight rough- 
ening allowable. — 



TJry " Minimum of 250 psifMvnimum of 250 psi Minimum of 250 psi 

Compressive for adobe and for adobe and for adobe and 

Strength rammed earth. raimmed earth. rammed earth. ' 
i Minimum of.,300, psi Minimum of 300 psi Minimum of 300 psi 

for pressed blocks, for pressed blocks, for pressed blocks. 

Wet Minimum of 100 psi Minimum of 125 psi Best soils will meet 

Compressive for adobe and for adobe and requirements for 

Strength rammed earth with rammed earth. dry compressive 

. good surface coat- Minimum of 150 . psi strength. Can be 

ings, 175 psi for pressed blocks, somewhat less. 

~~7. without surface" -'- — — - - - -- - - 

coatings. Mini- . . 

. mum of 150 psi j 
for pressed blocks. 

L«nfir*h Maximum of 1/32" Maximum of 1/32" Maximum of 1/32" 

Changes for T "foot block". 'for 1 foot block. for 1 foot block. 



Absorption 
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If ...you live in an area where it freezes a lot, try this test: 

Place your block on the absorption pan for 24 hours. Then 
remove it and freeze it for 24 hours. Let it thaw on the 
absorption pan for 24 hours and repeat the process as many 
times as possible. - 

If you live in an area where it rains almost daily, try this: 

Immerse the block in water halfway up its side for 5 hours. 
Then let it dry in the sun or in a warm oven. Continue the 
soaking and drying steps as many times as possible. 

Neither of these- tests will tell you exactly how long your 
earth/block will last, but they will help you in deciding between 
several soils that you are thinking of using. 

' The test; results ^hat have been discussed are briefly sum- 
marized in Table 3. ^ 



Chapter 3 



STABILIZATION OF S£>ILS 

Many kinds of soils can be used, for earth walls by adding" 
substances known as stabilizers. Nearly any soil can be made 
into a belter building ■material with the addition of the COR- 
RECT stabilizer. 

This is what stabilizers do: .. * . 

1. They cement the particles of soil together so the block 
of wall will be stronger. \ 

3 .2. They can "waterproof" the soil so that it ■w.an't, absorb 
water. ■ .... , - - ' 

-3.- --They can keep the soil from shrinking ^and swelling. 

Adding '-stabilizers— even cheap' ones— to .your soil means=*haf^ 
your house will cost more. But the natural "enemy" of earth 
walls.as water in one form or another. Stabilizers fight that 
enemy. There is less need for stabilizers in very dry climates. 
Builders in arid areas protect against the slow weathering caused 
by i .winds and blowing sands by making the walls a little bit 

"thicker. Some walls like this have lasted well Over 100 years. 
It is! important to know the experience of other builders before 

xdeciding on this method of building. - 

\ Because of the many different kinds of soils and the many 
typ\s of stabilizers, there is no 'one answer that is best in~«tll 

CaseSr--'- : ' ; ■ — : — - ~ 

Aul this manual can do is tell -you what stabilizers can be 
used. W hich ones work best on dif feren t kind s of soils, and 



'•approximately hbw "much "stabiliser "seems to work best* It is 
up to -ihe-builder to make J:riat bloeks-with— various-kinds and 
amountte of stabilizers and then, test theni as described in 
Chapter 2. ^ •'• t 

\ ^r*<[! ■ ' . ...-jj^'^*"'' .'■ \ 

^ , Kinds of Stabilizers 

Hejje' are the more commonly used stabilizers: \ 

1 . Sand and clay— Usually we think of soil stabilizers as 
something unusual and different, but ordinary sand and clay 
can also be used as stabilizers. If your soil is too sandy, then 
add a /little clay to. it, or add sand to a clayey soil.. It's true 
with all stabili-zers-^anxl sand and clay are no different— that 
they must be mixed thoroughly into the soif before they can 
do the job. If you have one soil that is very sandy, and another 
that/ is very clayey, they probably won't mix very well because 
the/ clay lumps cannot be easily pulverized. The only way to 
find out whether two soils will mix well is to try it. It's easier 
to mix a smaLUamount than a large amount, so /try to do the 
mixing just as you would when building a house. 
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- ■- Portland -Cement^-The same kind, of portland cement 

used in concrete is also one of the best soil stabilizers. The- - . 
^ mixture is often called soil-cement. Cement works best with 

j the sandier soils. Table 1 shows you which soils are stabilized 

best with cement. (If your soil has been checked \ by the labora- 
tory tests described in Appendix A, you can use pOrtland cement 
with any soil that has a plasticity index from to about 12.) 

Some stabilizers mix easily with soil but this is" hot true 
of portland cement. It must be very thoroughly mixed arid 
the soil clods should be broken down so the cement comes -in / 
contact with all of the soil. (This is one reason why cement 
is not recommended for clayey soils.) 

Cement starts to react as soon as it touches water, so do 
. f ... .. not- mix it into wet soils. Mix it completely into dry soils before 
adding water. Then, the moist soil-cement mixture shpuld be 
formed into blocks or rammed in the wall quickly. If you wait 
too long before doing this, the soil-cement will harden and 
it must be thrown away. Don't mix more , than you intend 
to use. 

Cement needs water to get hard. Since it gains most of 
its hardness or strength in 7 days, you need to keep it moist 
this long. One way to do this is to put a watertight cover 
over the blocks or walls. If you cannot do this, cover them 
with wet burlap sacks and sprinkle the sacks often. After 7 
days of this moist curing you can; take the 'Covering off' but 
it is still a good idea to keep the blocks in the shade for another 
° '7 days before you let them dry in the sunt: The longer you 
. ■ ' keep ynur -.snil~r.fim.fi.nt hl.ncka n r. -tuilh- vtnixt, .the, st ronger t.hr.y. — _ 
will he. 

Using cement has two disadvantages: it is expensive and 
7—73 — it. may ..be -hard to get. -So-tf^-tcr find: put, first how l ittle you 

have to use. % 
.._ — You can make a portland cement yourself. To do it, 

though, takes a lot of heat, some crushing facilities, a source 

of clay, and a source of limey material such as shells, limestone, 

caliche, etc. 

3. Lime— Lime, either slaked or unslaked, makes, one of 
the best stabilizers for clays. Lime reacts with the clay in the 
soil to form /a binder. Unslaked lime is harmful to a person's 
skin and vieal parts and must be used with great care. It is 
much safer to first slake the unslaked lime before using it. Table 
1 shows the soils which work best with lime. If you use the 
more exact laboratory tests described in Appendix A, you can 
try lime with nearly any soil having a plasticity index greater 
than about 12. 

Lime makes most clays less- sticky, but it doesn't make all 
of them stronger. It will usually strengthen volcanic clays, but 
with any other clayey soils, the only thing to do is try the 
lime out and see how it works. Use the tests in Chapter 2. 
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Soils colUalnTng a lot of clay are usually fairly lumpy. 
But lime breaks the lumps clown and makes the soil easier to 
mix. In fact, lime even makes the soil look and feel different. 
If your soil has a lot of clay in it, here's what you should do: 

Add the lime to dry soil and mix with sufficient water to 
dampen entire mixture, then cover it for a day or two but keep 
it wet. After you do this mix the soil again to break down 
any remaining lumps and use it right away. 

Lime also needs to be kept moist to gain its strength but 
it takes much longer th^n cement to harden. Keep lime- 
stabilized blocks covered and moist at least 7 days, 14 days if 
possible. Then keep them in the shade at least 7 more days 
before exposing them to the sun. When making trial blocks 
with lime-stabilized soils, try to make them early enough thafe ' 
they will have plenty of time to cure before testing. At least 
one month of curing is necessary., two months are better. 

Lime is not as expensive as cement and you can get it 
nearly any place in the world. You can make lime yourself 
but it's not an easy job. You'll -need heat and a materia"! such 
as limestone, seashells or caliche, and finally a way to grind up 
the burnt limestone. 

It takes lime-stabilized soils about 6 times as long to get 
their full strength as it does soil-cement. Remember this when 
you are trying to compare lime and cement stabilized soils. 

4. Combinations of Lime and Cement— Sometimes you'll 
run' into a situation like this: " * ' * •■•« 

The soil has a little too much clay in it for cement to do 
a good job of stabilizing. 

Lime will make the soil easy to work, but it won't react 
enough with the soil to waterproof it or make it strong. 

When this happens, you can use both lime and cement. 
It will cost more and take more time to add the two stabilizers, 
but it may be the only way to build your house. 

L'suallv, equal parts of lime and cement are used. The 
lime is always added first. Then, add enough water to make 
the mix moist. Cover the mix and let it stand for 1 to 2 days. 
After this, mix- the "soil well to break up any, lumps and im- 
mediately add the cement plus any Water necessary to bring 
the soil to its correct water content. After thorough mixing, 
use the stabilized soil immediately, before the cement hardens. 
Cure it as you would cement. 

5. A sphalt— Another stabilizer that has worked out well 
for -esarth houses is asphalt. Asphalts made especially for use 
in earth houses are made in plants in the United States, but 
they don't have to be a special kind. Natural asphalts were 
used thousands of years ago to stabilize earth blocks in Babylon. 
Asphalt is usually restricted to those soils that are mixed by 
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"puddling," such as adobe. It is harder to mix into moist soils 
used for pressed blocks or rammed earth. It won't work on 
clavey soils because it won't mix with them. 

Asphalt in its natural form is too thick to be added to soils 
without heating, so they are often mixed with other materials 
to make them 'thinner and easier to mix. If they are mixed 
with water they are called asphalt emulsions. These are the 
best to use in earth walls because there is no danger in handling 
them and they mix easily into the soil. After asphalt emulsions 
have been added to the soil they will separate back into pure 
asphalt and water— leaving the asphalt as a film on the soil 
grains. One that goes back to asphalt and water quickly is 
called a "fast-breaking" or "fast-setting" emulsion. These are 
not good for earth houses because they may separate before they 
are completely mixed into the soil. "Slow-setting" or "slow- 
breaking" types are ideal for earth houses. (If you cannot find 
an emulsion made especially for earth houses, then get a regular 
emulsion, but make sure it's the "slow-setting" or "slow- 
breaking" type.) 

Other types of asphalt that have been used are called "cut- 
back" asphalts. These are asphalts that have been mixed with 
gasoline, kerosene, etc., to make them thinner so they can be 
mixed" without heating them. They can be used with soil but 
they are not as good as emulsions. After a soil is treated with 
a cutback asphalt, it must be spread out to allow most of the 
gasoline or kerosene to evaporate before it can be made into 
blocks. Cutback asphalts can catch fire if you get them near 
_an_jip.erj._f_ lam e . 

Since asphalt is really a very thick oil, it will "grease" 
the soil grains and cause the soil to lose some of its dry strength, 
at least until the stabilized soil becomes a few years old and 
the asphalt hardens. Aspnalts do a good job of waterproofing 
the grains, and they keep the soil from losing strength-, when 
wet. 

Remember, asphalt will be very difficult to use when the 
soil has a lot of clay in it. It works out best with soils suitable 
for adobe blocks. 

6*. S/xiw—A material that has often been used j in adobe 
blocks is straw. In the same manner, materials such as tree 
bark, wood shavings, hemp and other tough fibers have been 
used. The only one of these that has appeared to be of much 
use is straw— although some people have had fair success with 
wood shavings. 

Straw doesn't react with the seal in any manner. If any- 
thing, it will make the dry block a little weaker and it will let 
it absorb water a little easier. Straw does provide "pipes" or 
exits from the inside of the block so the water can get out 
easier during the curing period. In clayey soils especially, this 
causes less cracking during curing. Straw or other fibers also 
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give added strength to wet adobe blocks during the curing 
period. 

Although most old adobe houses contain straw in the blocks, 
modem builders do not use it. It may have some value when 
vour soil is a little too clayey and voir have no other \wav of 
stabilizing it. 

7. Fly-Ash and Lime Combinations— -Fly-ash is the fine 
dust that is given off during the burning of coal, coke, lignite, 
and some other solid fuels. If you live near a plant that burns 
these fuels and saves the fly-ash, you have a very good cheap 
stabilizer if you have lime to mix with it. The lime and fly- 
ash together will make a cement almost as good as portland 
cement. It can be used on both sandy and clayey soils. 

When using lime and fly-ash together, use about 2 to 4 
times as much fly-ash as lime. For example, for every bucket 
of lime used, add between '2, to 4 buckets of fly-ash. The only 
way to find out whether you should use 2 buckets or 4 buckets, 
or something in between, is to make some trial blocks and test 
them. You'll probably find that lime is more expensive than 
fly-ash so try to use as much fly-ash as possible and still make 
a satisfactory earth wall. 

8. Sodium silicate—This is sometimes called "water-glass." 
It is available in many parts of the world and not expensive; 
when bought in large quantities. It works best on sandy soils 
such as clayev sands and siltv sands. Clays do not stabilize well ! 
with it. 

jjThe best wa.y to use sodium silicate is to coat the outside 
of earth blocks : with it so it makes a thin "skin" of hard, 
stabilized soil around the" blocks. (For use on walls that are 
not --made of blocks— such ■'■ , 'a'i5''' : r'a^ilme'd''''earUi ; -^sce Chapter 14.) 
To use it, , mix one part of commercial sodium silicate, with 
three parts of clean water. Dip the earth blocks in the solution" 1 
for about one miyute. When you remove them there- will be 
a little solution left on the blocks. Use a stiff brush to brusjj 
this into the block. Repeat this treatment a second-time before 
the blocks dry. Then, let the blocks air-dry in a protected place 
at least 7 days before using them. 

The thick solution of water and sodium silicate can be 
made to penetrate deeper into the blocks if you add a very 
small amount of a group of chemicals known as surfactants 
(surface active agent) . These chemicals numbering over 1500 
are sometimes classed Snio four groups called amphoterics, 
anionics, cat ionics and noh-ionics. These groups include such 
chemicals as polyoxyethylenealkylarylether jfnd dodecylbenzene- 
sulfonic, amines, etc.; hoWeyer, many common detergents will 
work as -well as these chemicals. -^\- 

\ - .. 

There are many other stabilizers that have been used suc- 
cessfully with some soils. Because there has been little written 
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about their use in earth houses they are discussed only briefly 
below. But, don't be afraid to try them out if they are available. 
In fact, if you have something else that you think will be a 
good stabilizer, try it. Sometimes a waste product that other 
people are throwing away may be a good stabilizer. 

9. Sulfite Liquor— This is a waste product from certain 
paper mills. It is primarily a waterproofing agent and you 
shouldn't expect it to - increase the dry strength of the soil. 
Some: types of sulfite liquors react very favorably with soils, 
others have a very harmful effect on them. You won't know 
until you try it out on your soil. The amount of sulfite liquor 
you should use depends, on the particular paper mill you get 
it from, so you will have to try different amounts and select 
the best one yourself. 

10. Alic/uat H226—A special chemical, (quaternary amine), 
made in the United States but available in other parts of the 
world. It is shipped as a very thick liquid and it must be 
mixed with warm water before it can be added to soils. The 
manufactures will give you instructions on how to use it. 
Although it is expensive, it is a good waterproofer for silts and_ 

" clays once the Tf^fed^oTTiias~beerr aTlowedrto Tir^ry: It would 
'be very good for use in the first few layers of earth blocks 
closest to the ground if these blocks didn't pass the require- 
ments of the absorption test. 

11. Wood ashes— In some countries, wood ashes have made 
very successful soil stabilizers. Probably it is the lime or calcium 
in them that actually does the stabilizing. Like sulfite liquor, 
certain wood ashes can actually be harmful instead of stabilizing 
the soil, so ybu will want to try it out on your soil. The correct 
amount to use will vary depending on the type of wood and 
how well it has been burned. The fine, white ashes from fully 
burned hardwood seem to work best. 

12. Resi ns— These are made from the sap of trees. They 
can make very good waterproofing agents, but they probably 
will not add much dry strength to the soil. Some are difficult 
to apply to the soil because they will not dissolve in water. It 
is best to ask the manufacturers df the various resins how they 
should be applied. 

13. Coconut Oil— This has also been used as a water- 
proofing agent. There is no cementing action but it will 
probably increase the wet strength of the soil. 

14. Tannic Acid. 

15. Rotted Plantain Leaves. 

16. Cattle Urine. / 

17. Cow Dung. 

18. Molasses. ' 

19. Gum Arabic. 

20. Juice from Various Plants. 
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How do you know whether a stabilizer will work? 

Because there are so many different kinds of soils, i^.. is 
impossible to say whether any one stabilizer will work well on 
any particular soil. In Table 1 and in the early part, of this 
chapter,, you have been given some idea of what type of 
stabilizer to use with what type of soil. Rut the only way to 
find out what is best is to xry them out on your soil. Make 
trial blocks and test them just asi you were told to do in 
Chapter 2. Don't use expensive stabilizers if cheap ones are 
available and your tests show that they will do the job. 

What can you expect stabilizers to do? 

. You want stabilizers to increase both the dry and wet 
strengths of youis soil; to reduce the amount of water absorption, 
and^ to keep your soLlj from being "melted" by a water spray 
or rain. Some stabilizers will do only one or two of these 
things, a few-*iay do all of them. 

For example, pbrtland cement or lime may hot decrease 
the .water absorption, Jb'ut it wouldn't make mucin difference 
if the wet strength of the block was high. . :. 

Some waterproofing type stabilizers may actually decrease 
the idry" strength of the soil, but will greatly increase the 
wet (strength and decrease the amount of water absorption. 
Naturally, then, these might be best in wet climates. 

Certain stabilizers— lime is' a good example— may actually 
cause a pressed or rammed earth block to weigh a little less. 
Don't let this bother you though because it won't hurt the 
strength of the soil. ; 

I Some stabilizers— ljme again is a good example— will change 
the best moisture colitent for compaction. Lime-stabilized soils 
usually need more water than the same soil unstabilized. You 
probably woulcln't notice this unless you accurately. ..measured 
the amount of water needed. You can still use the simple test 
described elsewhere to determine whether stabilized soils for 
rammed earth and pressed blocks have the right amount of 
water in them to make the best blocks. 

I Do stabilized soils require special handling? 

j Some types of stabilizers require special '"'handling Sr they 
worj't work at all. Remember it was mentioned earlier in this 
chapter that portland cement and lime needed tc be moist- 
cur^d for at least 7 days or they wouldn't gain strength. This 
is trjue of nearly all cementing stabilizers. 

^Wost waterproofing stabilizers only work after the soils 
have| been dried out once. This won't require special attention 
because you dry. the soils out when you cure them in the sun, 
anyway. 
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With many stabilizers, the curing takes place after the 
blocks have been molded. But with asphalt .emulsions, at least 
some of the curing has to be done while the soil is still loose 
unless. -you are making adobe blocks.- For rammed earth and 
pressed blocks, spread the stabilized soil out in the sun to cure. 
There is no goo*l rule: .to tell you when you can start using 
these soils and you will have to find out yourself by experience. 
If you can ram or press the soil and it doesn't act spongy or 
•httave around the sides, of your rammed earth tamper, it should 
be ready to use. %, v 

' Cutback asphalts— those containing kerosene, \gasbiine, etc., 
*&r£. slow in curing: It might, take several days be'fore they are 
t^adv,.tr> be made into bloqks or an earth v/all. 

NO STABILIZER IS GOOD UNLESS IT CONTACTS 
EACH PARTICLE OF SOIL. MIX THEM INTO THE SOIL 
WELL. —— 

How much stabilizer should you use? 

Again, it is impossible to say with any accuracy just how 
much should be used. It depends on the type of soil you have 
and what you want, the stabilizer to dp. 

Sometimes you will need a lot of stabilizer— particularly 
with very sandy or very clayey soils. 

You might find a soil t^iat is suitable in all ways except 
l hat it doesn't meet one requirement, for example, it absorbs 
too much water. Then, probably a very small amount of ; a 
stabilizer will be needed. A soil that is not good enough to 
meet any requirements or maybe only one of them^will require 
more stabilizer. 

So, you can see that the only way to find out how much 
stabilizer is necessary is to make some trial blocks and test them. 
You should make up three trial sets of seven blocks each. If 
you use portland cement, trial amounts should range from 
,4 to 12 pei cent and for lime 2 to 6 percent. 

EACH TRIAL SET SHOULD CONTAIN A DIFFERENT 
AMOUNT OF STABILIZER, RANGING FROM ABOUT THE 
LOWEST THAT MIGHT WORK TO THE LARGEST 
AMOUNT YOU COULD POSSIBLY ' AFFORD TO BUY, 
TEST THESE TRIAL BLOCKS AND SELECT THE LOWEST 
AMOUNT OF STABILIZER THAT WILL MAKE YOUR 
BLOCKS GOOD ENOUGH TO SATISFY THE REQUIRE- 
MENTS IN TABLE :5. 

--■-""When you have finally selected the exact amount of 
stabilizer that you- need, there is one more thing to consider. 
With trial blocks, you use a smalF amount of soil and it is 
easy to do a good mixing job. D>uririg the actual Construction 
of your earth house, the workers will handle much larger 
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quantities of soil and the. mixing will not be as good. The 
easiest way to take cafe of this is to add a little more stabilizer. 

All of this sounds, we realize, like a great deal of preparation 
and testing that needs to be done. That's the way it is intended 
to sound. It will be well- worth, your time and effort to find 
out for yourself what the best answers will be for youi If it 
takes you a couple months of preparation, remember, it's worth 
it. If you do your job right, your grandchildren will also have 
a good house to live in. 
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WHERE TQ BUILD 

The home builder needs a good place" tp build. The lot 
should be big enough not only for the house bat also for a 
yard and a garden. Plenty of suitable soil must be available 
either on the property or nearby. . Other factors are important, 
too: 

^ The lot has to have good drainage. Standing water or 
muddy ground can be very destructive to earth houses. If 
water stands on the area after heavy rains, the lot 1 will not 
be satisfactory unless trenches or ditches can be dug to carry 
the water away rapidly. Figure i9a shows a good site and 
Figure 19b a bad one. 

The location of the jhome should also be convenient tq 
roads, markets, or the owner's job. 






Usually, did home sites work out well because the soil has 
stabilized itself or settled under the weight of the old house. 

LEVELING THE LOT— Clear the site pf unwanted brush 
and vegetation before" beginning construction. All vegetation 
and the organic top soil should be removed from the area the 
house will occupy. All spoiigy* or soft material should be 
removed down to good, firm soil. Leave enough extra space 
outside the limits of the house for a| working area. Save plants 
which will have ornamental value after the home is built. 

After the location of the house is~marke,d oh the ground, 
mark' the Outlines of the house with stringlines nailed on stakes. 
Then level the ground inside the stringlines.' This is shown 
in Figure 20^, "Low areas may be filled in from adjacent high 
areas; provided good soil, which will not wash away, is used. 
A ny fill material pltWed' inside of the .siring lines should bt 
well pounded with a hand tamper. to make a solid foundation. 
t Otherwise, settlement of the fill material could cause cracks in 
the" house. Extra (lirt from the leveling job is kept for later 
use if it is the kind suitable for building. 

v FINDING THE GRO UND ■ /.£('£L-Bcfore laying out the 
. actual -outlines of the house, the ^general area it will occupy 
should be fjairly .well graded or leveled and an accurate floor 
level ,§houl|i< be marked out carefully. 

This isj'idpne easiest by driving stakes into«the ground. First, 
■.("drive a stake to The desired floor level. Protect it by surround- 
ing it with other stalcesT^'hen', drive in other stakes arqurull 
the approximate outlines of the house to exactly the "sluiie -floor 
*\ level. This can be done in two ways. 
"\ J i 

\ To fiiiid the correct height ol the additional stakes, if 
possible, atsurveyor's level should be used and the tops of all 
the stakes ican be accurately sighted. (For convenience, if the 
surveyor's level is used, make the tops of the stakes somewhat 

'V " , ' ■ { ■■•-5fc ■ " .... 




Figure 20. 



Figure 21. 



higher than floor level and later measure down from each stake 
to the desired floor level.) 

If a surveyor's level is not available, an ordinary clear or 
translucent plastic water hose will work just as welH Fill all 
but about a foot of the hose with w^ater. * $ 

By adjusting the water level at one end of the hose to the 
exact floor level indicated by the first guide stake, then all, of 
the other stakes may be driven to the proper level by matching 
the tops of those stakes with the water level at the other end 
of the hose. The water hose method is shown in Figure 21. 

By driving the first stake into the ground at what you judge 
to be the'highest point of your lot, all of the other stakes, theji, 
will stick out of the ground a little higher. If it turns out 
that the guide stake is lower than the ground level at other 
stake points, drive another stake next tp the guide stake leaving 
enough length above the ground foV later measurements. For 
example, have this added stake exactly one foot higher than 
the guide stake. Then drive the other stakes to match it: The 
desired level can be determined by measuring one foot down 
from the tops - of these stakes or to such level as to have the 
Jowest corner above grade. 

The water hose also can be useful at other times during 
•construction. It can be used as an accurate means of finding 
other levels or elevations. It is useful in finding the correct 
height of footings and foundation walls, checking to see that 
blocks are being laid level or even checking the top layer of 
blocks before the roof is placed. , ? 

It is a good idea to have corks or plugs to stop up the ends 
of the hose to keep the water from running out when the hose 
is not being used. 

LAYOUT OF THE CONSTRUC TIOtf-The next step is 
to mark the exact location of the exterior walls on the ground. 
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The proper dimensions and shape are included in the house 
plans. Keep in mind which way you want your home to face. 
An architect can be very helpful. Consider such things as 
prevailing breezes, direction of sun, appearance, distance from 
street and property, lines, etc. 

After the location has been selected, the next step is to 
erect batter boards. These boards, Figure , 22, should be at 
least 5 feet long so that adjustments can be made after they 
are placed in the ground. A set of batter boards should be 
placed at each corner of the exterior walls of the house. The 
batter boards at the corner where the ground is the highest 
should be set about 18 inches above the ground. Those at the 
other corners should be set at the same level (in other words 
_they will be higher above the ground). They must be sturdy 
enough to hold the tight string lines which will be stretched 
from them to define the walls of the house. 

Square corners can be made and checked simply. 

To make a square, take three boards, exactly 3, 4 and 
5 units long^ and nail the ends together as shown in Figure 23a. 





The angle between the 3-unit ami- the 4^Trit"txrards~'^It"r3g~ 
90 degrees or a "square" angle. By aligning the strings along 
these two boards as in Figure 23b, two sides of the house can 
be properly positioned. 

To begin the layout of the house, a stake should be driven 
about three feet inside one set of batter boards to form the 
first exterior corner. Tli$ right angle of the square is then 
located properly at this stake and all measurements begin from 
here. The stake would be placed just below where the strings 
cross in Figure 23b. 
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Figure 24. 



String lines are then stretched between batter boards to 
mark the direction and length of sides of the waifs. This 
procedure of measuring and laying out square corners is con- 
tinued around the outline of the house until the task has 
progressed back to the starting point. 

If the house outline is in the shape of a square or a 
rectangle, the alignment can be checked by measuring the 
diagonals— the length between opposite corners. If the outline 
has been properly laid out, and the corner angles are square, 
the length of the two diagonals will be exactly the same. If 
these lengths are not equal, adjustments should be made until 
they are by moving the positions of the strings on the batter 
boards. These diagonals are shown as heavy lines in Figure 24. 

Even when a square is not available, an accurate layout can 
be made. To do this, mark off two corners of the house at 
the proper distance apart to establish a; side of the house in 
the desired direction. Then, as closely as you can estimate their 
positions, lay out with strings the two sides that lead from the 
first side you have established. These sides should be of proper 
length. When" this" has beemjTjne, check -the diagonaJs. If 
thev are not exactly equal, the last two corners should be moved 
until the diagonals match each .other. This will assure 
accurate square or rectangle. 

It is best to use more than one set of string lines to mark 
the dimensions of the building. The first set df lines marks 
the location of the outside edge of the walls of the building. 
However, the limits of- the excavation for the footings (which 
are discussed in the next chapter) and foundation wall will 
usuallv be outside of the location' of ihe walls. In this case, 
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additional string lines are placed on the outside of the first 
set to mark the limits of the hole to be dug. 

Once the string lines for the excavation have been placed, 
yie limits of the excavation should be properly marked on the 
gTound so the workmen will dig along the proper lines. This 
can be done by driving guide stakes directly beneath the string 
lines marking the excavation, or by spreading a thin line of 
lime beneath the string lines. In either case, the string lines 
should be removed during' the excavation so they will not be 
broken by the workmen. -Be sure to mark the location of the 
string lines on the batter boards so they can be put back in 
exactly the same place after the excavation is complete. 

DRAINAGE— If the house is to be built on nearly flat 
ground, drainage of the lot away from the house should no w . 
be considered. Any lines of wash, or gullies that cross the 
construction site should be turned away by digging new ditches 
awa\ from the house and filling in the ditches with tamped 
soil. It is also important that the ground level next to the 
building be higher than the rest of the lot so that water will 
drain away from the building. A canal or ditch several feet 
away from the foundation may be necessary to carry away excess 
water during heavy rainfall. 
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Chapter 5 
FOUNDATIONS 

I he foundation is that part of the house that is built 
belo*, the ground surface and supports the house. A properly 
buik foundation will keep the house from being damaged; or 
twisted out of shape due to settlement of the earth, high winds, 
or frost action. A good house must have a good foundation; 
it is the most important part of the house. 

TYPES OF FOUNDATIONS-House foundations may con- 
sist of separate piers or footings, which receive the load of the 
house through heavy beams that rest on them, or they may 
be continuous footings that run under all outside walls and 
load-bearing partitions. For earth walls, continuous footings 
are most commonly used. A foundation wall rests on the footing 
and extends upward and supports the walls. A typical con- 
tinuous footing and foundation wall is shown in Figure 25. 
Not ail such construction requires reinforcing steel. 

FOOTINGS— Footings have three purposes: (1) to provide 
a solid, level base for the foundation walls; (2) to hold the 
weight of the house it supports on the earth so that the load 
will not be too great at any point for the soil to sugport; 
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(3) to resist the "lifting" forces of hurricane or high winds 
which can tip a house over or move it off ojf its foundation. 

The size and depth of footings depend] on: the type of 
materia! used to make them; the weight they must support; 
the load the soil will support, and, to some ^xtent, the weather 

conditions of the area. / 

— r-DEPTH OF FOOTlNG$~-ln areas where freezing weather 
occurs, footings must be placed in the ground at least as deep 
as frost is e\er found.' Otherwise, the footing will shift and 
crack the house during or after freezes. The frost line is shown 
in Figures 26a and 26b as a heavy dash ...line, Figure-26b shows 
what can happen if the footing is too shallow. If no other, 
means of knowing this depth is available, it can. be roughly 
estimated on the basjb of the resistance to digging during 
particularly long and^pfcere winters. Ice particles can be seen 
in the soil. The footing should be placed below where ice is 
found. t t 

In warmer climates, the footing depth needs to extend deep 
enough to reach good, solid earth free from vegetation (roots, 
etc.) and deep enough to prevent washing out or shifting due 
to rain and flooding. Usually, this depth averages from 12 to 
18 inches. An exception to this is where the soil shows con- 
siderable shrinking and swelling as it dries and becomes wet 
during the year. If this is the case, the footing should extend 
to a depth where seasonal changes in moisture are minor. 
Sometimes this can be estimated by the appearance of the soil. 
The soil is usually very crumbly in the area where the moisture 
changes seasonally and it takes on a more solid appearance 
below this depth. 

The best and easiest way to find out the proper depth of 
footing is to sec what depth was used for similar houses in 
your area. If the houses are holding up well and have not 
settled or cracked, the footing depth used for them will do 
for your house. If you have any doubt, go deeper. 

SIZE OF FOOTING— The size of the footing will depend 
upon the strength of the soil and the weight of the hcruse. As 
a general rule, most shallow clays and shallow silty soils should 
not be loaded above 2,000 pounds per square foot of footing 
area. Firm sandy and gravelly soils may carry from 4,000 pounds 
to 6,000 pounds per square foot. 

If there is any question about the value of the soil, a loading 
test should be performed. A simple loading test is described 
in Appendix A. Use it if you can. If you can't, then the 
strength of the soil can be very generally estimated using the 
"simple strength test" given in Appendix A. 

Once the bearing value or strength of the soil is known, 
and the weight of the house has been determined, the width 
and thickness of the footing can be easily determined from 
Table 4. The dimensions given in Table 4 can be varied 
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Figure 26. 

"sora^vhat depending on local experience but do not reduce any 
satisfactory values • yotf 'find. The building in Figure 27 shows 
the effect on an earth wall of an under-designed foundation, 

MATERIALS FOR THE FOOTINGS-Skice the footings 
are buried in the soil, they should consist of materials that 
cannot be damaged by decay or insect attacks. Use concrete, 
stone; brick, concrete block and similar materials. Recently, 
some footings have been made with stabilized soil. However, 
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Finnic -7 A -soi 1 bearing failure has .caused structural cracks 
in the [oinidatmn (cM)[ini> \* all and*the adobe wall in this large , 
< <>miiiuml\ hutldiiii; 

•jhev have not I we'n jm- jlla'i'e loiifl enough to dele inline how 
suitable iliev might' he. On the basis of what is now known, 
u i.s better to a\oid the use ot stabilized soil for footings ex- 
i c pi in and oi semi -aiid i rgiotiv \ 

( If tODl l\t,S l-ootuigs made (Prom poured con- 

crete ai«- ilif iiiiisi |)iipu.l.ii tvpe- because thev are e.asv to make 
and w<»i k vein well- howevev. thev will probably be the most 
expensive ivive I su.iilv forms are not needed; as a t.rench can 
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be dug to the correct depth and width of the footing and the 
concrete can be poured directly into the trench to form the 
required footing thickness. (See Figure 28.) If the soil is 
sandy or tends to slide or cave in, then simple ' forms are re- 
quired to insure that the footings are wide enough and that 
the soil does not fall in the freshly poured concrete. "T hese 
forms may consist of boards with width equal to the thickness 
of the footing and held in place by enough wooden' stakes to 
keep the boards from moving or bowing. The forms should- 
ahuays be removed, but not earlier than 48 hours after- the con- 
crete has been poured. It is best to cure the concrete for several 
days by covering it with wet sack.s r leaves, etc. 

When digging fpr footings it is always better to dig on 
the "safe" side; that^is, too deep, rather than too shallow. If 
the excavation is too deep it can be filled with extra concrete, 
sand or earth, but the sand and earth must be tamped' in and 
not just loosely placed. o 

Concrete footings do not 3 always require reinforcing steel 
but it is better to have them- lightly reinforced to resist crack- 
ing that occurs with changes in temperature. Conditions where 
reinforcing is "considered absolutely necessary include occasional 
"soft" spots, in the bottom of the trench, and areas subject 
to earthquakes, hurricanes, or swelling of the soil. Reinforcing 
is also needed if the footing projects beyond the foundation 
wall more than 2/3 of its thickness. In these cases, it is 
desirable to seek the services of an engineer or architect for 
advice concerning the kind, size and location of reinforcement. 
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'J he rom rete foi the footing should have enough water to 
l»e workable but at the vunc time tt should nut be so wet .that 
the tnori.ii tends to ll'ms add leave nnh the largrt u>cks. 

A good < (UK irtf tlll\ ful thr looting tltrs _ 

I part port I a ml c cmritf 
i parts clrun washed iand 
■I pans clean gtasel 

about ') to 7 gallons dt u.ttr.i fin (\n\ u) p,nin,| hat; of 

cement ~" 

if 

\ grmtl Wiii to estimate whether m nut sou base thr toi- 
I ri i rnotstnte ts to plate s-itTir of the im.\ ti'i a bucket and tod 
it about '„'"> limes with .t Min>')th strrl ot wimhI n«l ^ 4 hen (mm 
a height of h inches .d>o\e thr surface, drop a vuuKith round 
101k aln)ti! I tiuhes m diaiuetet into the mix If it dents the 
ink about I i - nuhes the w.uei totitrtit of the lou^rrte i> 
about r.ight, 

If teinfolctllg tods aw tisr'd, thrv .tie plated tn thr rVi.lU- 
tiotl ,Uid \r,tncl% s iififf i'r<: 4 1 thr pfopei bright iwrhur thr toll- 
i leir is' potltrtl J he (op finish of thr footing ts left VrtV 
lough In piuvtde .1 jjiKni bond for the foundation vsatl It is 
trstl.tlh a good id'r.i to leave a small channel oi glome in the 
tentei ol (Tie ftHiintg .is shoHij tn 1 iguie to ptu\ide addi- 
tional bond between. the looting and the 'tounula't ton wall if the 
fooling 1 j. made o( u nu trie t[ at .ill po-vublr in e4tthi)Ual.e 
.ue.lv shot t lengths ot -steel t'rtufonlng tod should be pLurd 
U\ the footing u> lhc\ will pmjeet trito (he foundation wall 
and tie it sctutelv to the tooting 1 his ustialh irtputes tateful 
.spat iug of t hesr l euls 

Soliteiiines- pfiP^^MB^tint ot cotutrte foi the foundation tan 
be gicailv det 1 raved ^h¥$|E&.u mg Luge stones in [fie [tenth and 
po'uung (he torn tete .umtiui them m foim the Tooting If the 
sloiies aie laige it is .i i.;ood idea to make ttir footings some- 
what thiikei than hn u*t;uUi unit tele footings, Rotighlv, [he 
llm kness. should be- about I l ., tunes thf- sue of the laigrst 
stones l-oi example, if 0" stoties atr used, tfie thlt ktiess shoultl 
be ''" 

M.tS(i\ H ) /<n»//,\(.s lintkv mtu'iete blocks, nr rubble 
sloiic in uu>itai also make good footings When using 

biitks. loiuiele blotks ot an\ > r g»i'i;» shaped tuatei nils, it 
is neic\ssai\ thai the bottom uf the [tenth be leveled aitui.HcIv: 
oihensi.se, the foundation wall mas be unlevel . ■ rither uinped 
sand tan be used to level the bottom of [he .(tenth or a [bin 
bed of lomieie i.iu be pouted Km nibble stone footings, the 
[tenth docs nut ha\e to be as level, hut t.ne must be taken 
it) bung the height of the stones Map mi that the final suiface— 
after being toveicd with .1 tf.tn lasei ot-nnutai will be level, 
fcigure ^ I shows a tubble stone ffMifing, 

Ma.sonrv toolings tnav often lie much cheaper to construct 
(Iran toiuieie fotuuigs, suite less teuieiu is required. However, 
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they are harder to lay and require more time to complete. 
Also, it is difficult to properly reinforce them. For this reason, 
they are not usually recommended for areas of hurricanes, high 
winds, and where the soil tends to swell. 

Mortar used in the masonry or rubble footings should be 
of a high-grade that will not fall apart with time. The fol- 
lowing mix works well: 

4 parts portland cement 

1 part lime / 

12 parts clean sand : , , 

sufficient clean - water to form workable mix 
If masonry cement is available, use one part masonry ce- 
ment, three parts sand and sufficient clean water to, form, a 

workable mix. 

ip 

FOUNDATION' WALLS-The foundation walls, which rest 
on the footings and support the walls of the house, must be 
strong, have a 'flat surface to start the earth wall on, be straight^ 
and they must be level. 

Poured concrete, concrete „ block's, burned brick, structural 
clay tile, or stones laid in mortar all make good foundation wall 
matorials. 

Again the most suitable, but probably the most expensive 
foundation wall is made from poured concrete. In earthquake 
or hurricane areas or where the soil swells considerably, it is 
advisable to reinforce the foundation walls in the same way as 
footings are reinforced. The amount, size and spacing of the 
steel reinforcing should be determined by a competent engi- 
neer or architect. 

Well-stabilized earth, either in the form of blocks or 
"irammed-in-place earth, may also be used. Since experience 
with these materials is limited, however, it is .recommended 
that they be used only in areas of light rainfall and on sites 
that are well sloped to drain water away from the footings. 

SIZE OF FOltoDATION WALLS-In constructing the 
foundation wall, two things must be considered— th<s> thickness 
of the wall, and the height of the wall above the ground level. 

Foundation walls should be made at least as thick as the 
earth walls that- they support. - Sometimes they are thicker, but* 
this is true only when they will be used to support other loads, 
stich as the interior floors. 

The- height of the foundation wall should be sufficient 
so that rain splash will not reach the earth blocks and cause 
them to erode or wash out. This height depends on the 
amount , of rainfall and width of roof overhang. For dry areas 
(rainfall less than 15 inches per year) and wide roof overhangs, 
the foundation walls should extend 8 inches above the ground 
surface. For high rainfall areas and small roof overhang, 18 
inches above the ground is required and under normal rainfall 
conditions, 12 inches is required. Even when a stucco or sur- 
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Figure 29. 



Jface finish is used over the earth walisr~the- foundation "Wall 
should extend to the heights given above. 

CONCRETE FOUNDATION WALLS-When using poured 
concrete for the foundation walls, use forms (shuttering) to 
hold the concrete until it hardens. These forms are set di- 
rectly on top of the footing and must be solidly braced against 
the walls of the trench or at the ground surface to prevent 
movement when the concrete is poured. They should also 
be -.thick enough and braced well enough to prevent bulging. 

Wood sheathing li/ 2 to 2 inches thick and braced about 
every 6 feet works well, or 1" tongue-and-grooye boards braced 
every 2y 2 feet. If plywood is used, a thickness of y s " to y A " 
is.-. satisfactory. A typical wood form is shown in Figure 29. 
Constructing wood forms is a misleading job. They always 
seem too strong, and therefore wasteful, while they are being 
built. Once the concrete is poured, it is too late to correct 
the mistake of not making them strong enough. A bulging 
form is difficult or impossible to repair. Do not try to save 
money by making the forms too weak. 

The concrete forms should be carefully placed in the cor- 
rect position and then- well braced to prevent movement as 
shown in Figure 29. Once the forms have been braced, the 
top of the foundation wall should be located by driving nails 
and drawing lines on the inside of the forms. This can be 
done accurately using the water hose method given in Chapter 
3. This height should be marked on the forms all the way 
around the -house as shown in Figure 30. 

If reinforcing steel is to be placed in the foundation wall, 
it is easier to set only one side of the forms first (usually the 
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inside loini), m.iik the miit'ci height i.f the wait mi the (mm 
anil) then place and tic alt of (hr icintou my steel Uctntr netting 
the \ert-M(flnig loini-.. Has hclp.s. u> Imr up {he Med ami get 
if to the i ui i c 1 1 height. 

A I Iff l hct Int Ills lut\e tic t- 1 1 pLurd .iJul ittrikrd tulirit 
alignment and stieitgth, the hxitmt; tlistdr ut the hum jluntld 
he swept i |e;tn, then lu*htl\ spimklo! 1 t t^ .1 gi*»l pl.-m to 
leave a lew stiull* iipfiiiii^s ut t h'r* txit [urn r»£ (he £uttm » ( > tuih 
ran be .swept nut . He unr to ijoxr ihevc opening ix-fm'r the 
concrete is puitte'd. Id keep the rniutrte hum ■sinking tu the 
forms, lhc;\ should he u-eUed u iltv W.ttn just b-chiie the xmuirtr 
is [Joined, or bettei stdl, mopped with light oil " hefwc the 
forms arc elected, nut utter. 

Oner the cunt trie tnnn br^fi •> , i ; m us' be co>; f j »i usd 
unfit the entiic jonndation ts c amplcicd. Other *wise, 8 un- 

dcsirable joints in the i oneiric will be formed. t he .-concrete 
should be "rodded" or tamped into the fonm with a smooth 
steel or ,wood rod ., to pack tt down xolidls Otheiwivr, um 
might get air porkrfs- w hu h weaken the wall setiouslv Pmpcr 
rodding is iutpoitant o\ei the entire foundation wall.f but it 
is espetiall) impoitant on the outside face because not enough 
roddinj* can result in holes that look bad. The concrete mix 



can be the same as that used for the footing with perhaps a 
little more water to make it easier to work. Placing ease may 
be estimated, by the method outlined earlier under "concrete 
footings 1 ." If you use the method outlined earlier under "con- 
crete footings,'^ the rock should dent the mix about 2-2i/ 2 inches. 

The gravel in the concrete should not be too large or it 
will get wedged between the form and the reinforcing steel. 
The largest sjze stone in the concrete should be about i/ 2 of 
the distance from reinforcing bars to the edge of the form or 
between adjacent reinforcing bars, whichever is smaller. Re- 
move the forms two days after the wall is poured. Keep the 
concrete moist by sprinkling or covering with wet sacks for 
a few more days. If there are any voids in the concrete, patch 
them as soon as the forms are removed. Use a grout or mortar 
mixture and smooth it out with a trowel or straight stick. 

MASONRY FOUNDATION ■ WMLLS-Requirements for 
masonry foundation walls are the same as for poured concrete 
walls; that is, the walls should be straight, level and strong. 

For laying the walls, a good, strong mortar should be used. 
The following mix has been found to be good: 

4 parts cement ' 

1 part Jime 

12 parts clean sand , 

sufficient water to make a workable mix. 

The way to lay the blocks or bricks is the same as de- 
scribed in Chapter 10 (page 100) for laying earth blocks. Use the 
string lines on the batter boards to guide you in obtaining 
straight walls. The water nose method should be used to fnake 
sure that each course of blocks or bricks in the wall remains'level 
during construction. If it is absolutely necessary to use masonry 
foundation walls in earthquake or hurricane areas, they can be 
reinforced by using mesh especially made for this purpose, heavy 
woven fence wire, or even small (s/ 8 " or less) reinforcing bars. 
The reinforcing is placed between horizontal joints and suffi- 
ciently protected with mortar to prevent rusting. Again, a 
competent architect or engineer . ' should design the correct 
amount, type, and placement of the reinforcing. Also, if hollow 
tile or blocks are used, it is a good idea to fill manv (some- 
times all) of the holes with mortar to obtain extra strength. 

RUBBLE FO UNDA T/OA'i— Often, a large Supply of stones, 
broken brick, or other suitable materials is available for build- 
ing a rubble foundation. This type of foundation works well 
and is economical, although it is harder to reinforce. ,i Instead 
of building a footing and foundation wall, the rubble founda- 
tion can be constructed as one solid piece which tapers up so 
that it is the width of the earth wall at the top. (See Figure 
31.) The width at the bottom is determined in the same way 
as for footings using Table 4. . 

Only hard, durable materials should be used in a rubble 
foundation. Mortar of the same type described for masonry 
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Figure 31. 



foundation walls is suitable for holding the rocks together. 
Often, during the clearing of the site and digging for the foun- 
dation, suitable rocks and other materials can be saved for con- 

jtru£tioiv=©£^e = ^ . 

Construction requires patience and it is more difficult to 
obtain the correct level and straightness using rubble. ' The 
largest stones available should be placed at the bottom of the 
foundation and the top should be covered with a thin- layer 
of mortar to provide a smooth, level surface for the first layer 
of the wall. 

BACKFILLING THE FOOTING ' EXCAVATION— Since 
the excavation for the foundation wall and footing is wider 
than the foundation wall, it must be backfilled. Preferably, 
the backfill material should be the native earth removed from 
the excavation. It should be placed back into the excavation as 
close as possible to the same moisture content and compactness 
of the surrounding, undisturbed soil. This always means tamp- 
ing the soil back in place. Tamp it in thin, equal layers on both 
sides of the foundation wall so that there is no possibility of 
..damaging or foxcing the wall to leanT~Tou "can use the same 
IffiSCot. tamper described elsewhere for rammed earth. 
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Chapter 6 

i 

LIGHTWEIGHT ROOFS 

l. i M:k:S8,ji..th;e i ' foot of' the house is to be made oi heavy ma- 
terial, ..sttcfc . as earih, you .'caii 'build the roof, right.: after ^ic 

'.tf»:i*fiat:t0fl : "lias been cofnpteced. - •■ \ 

• U the roof is' b'uilt before the walls, it needs to hc ; strp- 
|:Mi€tct! . :lt¥ .temporarv or' permanent studding of. ..heavy; u pi ii>ht 
t«iiJ.i,ers ot. if^ available, .arty one, of several kinds of metal. 

«prf».hls. ■. vf*; - ' "',„.- : * / ' • 

» 'I here -He- several . practical ' 1 iglrr weigh t ' roofing materials^ 
Ai«i.Hi« ihcin are corrugated asbestos'. sheeting, corrugaMMl metal 
j»hft*'t«, J.sght.weigfit 'tile or thatch', if an v. of .these are to be used.: 
titeK" are a ■ twos be r. oi advantages t'.o building the roof right a Iter 

lire foundation lias been completed. f ' 

lieie-is whv a roof it r phtce can be of great: advantage to 

the braider before the vyialls a rebuilt:- • : 

1. f'he shelter; makes a ge^Mf: curing space for building 

blinks or 'bricks..' < • . J 1*'" 

' • ■ - , r X I 

li. It ' pro's, kles cd.es'i cable. • shade for curing earth walls. 

o.l It nipskes a/good- work area and provides shade foiKthc 
Imiklcix especft.llv j in .warmer, climates. = \ 

4. loojs attd materials, can be kept, under 'the roof to pro- 
tea them f n'*ii weather damage." ' ■*■■ 




Figure 32. 
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"'. Ii un even provide tem poi.m living spate 

I his ;sK?bi<d has i lie following ( i is, id v, intakes 

i It ' v hatdei Id tin than t h 1 1 1 4 i 1 1 1 tr the loot .diet ihe wails 
ait c < >m pitied . 

_'. f-vira nutei i«i t is needed tor the loot suppous. 

In nuiiv iascs, these suppoits i, in he left petmaneu(i> 
in pirfif. U the\ an: nut left standing aftei the walls are 
finished ai (!>uim- these tmibers tan he used again fm some- 
thing else 

figure shows the loof of a Korean house m place before 

the walls were constructed. 

Fitl) details on how to build loots aie (oveied in Chap- 

t*T It. 



Chapter 7 

I PREPARING THE SC*IL 

Once you have, your, source of soil and have experimented 
with it enough so that you know how to use it best, the next 
step is to work out a careful and orderly plan, step by step, 
of what you are going to do with it. 

.V " ■ , ■ ■• / 

To build a house of earth blocks or rammed earth means 

that you will have to: < 

1. Move several tons of soU. 

2. Have a source of watej handy. 

-3. Prepare your, soil mix (adding stabilizers if necessary) . 

4. Set up a block-making or ramming operation. ' 

To do these things efficiently, you must ,have what you need 
where you need it. For example, if you plan to build a house 
of blocks, they should be completed and stacked for curing 
as close as possible to where they will be ,used in the walls of 
the house. ? 

If the roof has been built beforehand, as suggested in 
Chapter 6, the block making operation should be set up under 
it. The roof .jWill provide shade in sunny weather and will 
permit work to go on if the weather is bad. \ 

In planning the location of each step, study the order 
shown in Figure 33. 

DIGGING THE SOIL— It does not matter how the soil is 
dug and moved to the place where it will be used. There are, 
however, some points to remember whether the soil is dug by 
machinery \ or by men with picks , and shovels. 

Machine dug soil usually is lumpy. It is important that 
rail clpd¥ on lumps are completely broken up before mixing in 
the water a^nd stabilizer. & 

If the sjoil is lumpy, you should provide a space to break 
it up so that, it will not be mixed with the freshly dug earth. 
If the soil is'dug with picks and shovels in the- first place/you 
■will find that very little breaking up will be needed. 

Often, you will be mixing two or more soils together to 
make your 'best possible mix. If ydu do, bring your soils to 
your building site and keep the different kinds into different 
piles. When you blend them later, you can make the mixture 
you found to be the best from your earlier testing. 

Often, the builder will find a situation like this: a layer of 
top soil abc|Ut a foot or more thick; then a couple of feet of sand 
under that,iand beneath the sand, a layer of clay or sandy clay. 
If the builder will first get rid of the top soil, he can make his 
building -mixture as he goes along by digging down the sides 
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^ fftgure 33. 

of the hole through the- layers. If he ft.abjfe to do this, then, 
he does not hpe to spend a lot of' time later on making his 
proper blend. ; He cari do all. thjs. as he digs by .paying atten- 
tion tp the amounts /of the different kinds, of soil he digs. Do 
it this way if you fin, of course, instead of removing the soil 
by digging out each ..layer arid stockpiling it separately. 

MbJSTURN CONTENT.-f he'moistme content of the soil 
as you dig might be v,ery close to the right amount needed for 
best comp"act#n.; (See pg. 30 to determine whether you have 
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Figure 35. 



i/ 2 inch. See Figure 34 for screens that have worked out well. 
Anything that does not go through should be discarded or 
crushed more. 

Of course, /if rocks up to li/ 2 " are being used in rammed earth 
or blocks, then, \ the size of the screen openings should be big 
enough to allow the size you want to use to go through. In 
this case, extra care must be taken to see to it tha\t clods of 
dirt are completely broken up. If large clods are in\ the mix, 
water may not penetrate them. Later, when the wall\ becomes 
soaked by rain, the clods may swell and ruin the wall^ or they 
could wash out and le^ve a hole that weakens the whole 

structure. I ' 1 

../'-.'. , ' . ■ ■ - "\ 

When two or more soils are to be blended, *for ebtample, 
when they come from different pits, it is best to sievle them 
separately and keep them* in separate piles. Then, when it is 
time to mix them together, the correct blend can be measured 
out, such as "one pail of this soil to two pails of that soil," etc. 
This operation is shown in Figure 35. Weighing the separate 
soils does a more accurate job, but it also takes' much longer. 
A little practice will teach the builder to make his blends 
accurately enough so that weighing is not necessary. 

■-■ i ■ 
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Figure 36. 



During the blending operation, be sure the right mixture 
is kept the same. If it is a 2-1 mix, be sure it is always two 
to otfe... \ 

MIXING THE SOIL— This is one of the most important 
steps in the whole operation.; Mixing with the right amount 
of water is absolutely essential". The quality of a finished wall 
depends on good mixing anti the right moisture content at the 
time the soil is being pressed into blocks or into a wall. 

There are ,three methods for mixing the soil vou can use: 

1 . A motor-powered mixer. 

2. A manual or animal-powered mixer. 

3. Or a mixing board and shovels. 

If available, a motor-powered mixer can save you a lot of 
time on a large project /but you must have the right kind of 
mixer. Mixers which- have paddles attached .to* the drum so 
that drum and paddles rotate as one piece (such as in an 
ordinary concrete mixer) will not be satisfactory for mixing 
soil for pressed blocks or rammed earth unless the soil is very 
sandy. The best type to use is one that has paddles or teeth 
that rotate in a stationary drum or container. If you are making 
adobe, a concrete mixer will work fine because an adobe mix 
is much wetter. 

Several commercial mixers are available but a homemade 
mechanically powered inixer can be built if some type of motor 
is available. For small mixers, a gasoline engine of approxi- 
mately 5 horsepower works well. Tractors or automobiles may 
be modified so that a belt or chain drive take-off can be used. 
' ■ ' ? ~- — - i..- ■ — . 
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Figure 37. 



A 55-gallon oil drum makes a good container for mixing. 
Figure 36 shows a successful mixer that you can make yourself. 

A' 25- or 30-gallon oil drum can be used to make a smaller 
hand or animal powered mixer. 

Be sure you have mixer large enough for the job. 

For a single t house project, the cheapest and easiest method 
for mixing soils is by. hand. All you need is a flat surface and 
a shovel or a hoe. The floor of the house, if concrete, makes an 
excellent surface if you have built it beforehand. 
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Io make nire (hat all batches of mix are the same, soil, 
v*atir and stabilizers (if you are using them) must be measured 
act in .itch I hi- best wa\ to do i his is to lay out a long row 
ol soil. aL">vU 18 niches wide. Then use a template as, shown 
in tiguir ST to k*\cl off the row to the right height, maybe 
m\ inches or a foot. Fill in the low spots and level again with 
the board For every batch of mix, be sure that the rows are 
life -amc- length and all are of the same width and thickness. 
H sou are using stabilizers, sprinkle the right amount on top 
of the row. Pour a little water at a time and use the shovel 
to turn the material over and work it toward, the center of 
the ioh. ordinary garden sprinkling can is ideal for adding 
the water. Hut be sure to add the same amotrnt of water and 
nabsh/er when used) to each batch. If you make each row the 
same w.s\ e\«-r\ time and use the same amount of water fair 
ea< h io\i. t-d( h batch of mix will be the same. 

Do not mix mute soil than you can use at one time. Therie 
is uiic aapiion, however. In cases where you are using lime 
with Mill (ontaining a lot of clay, thoroughly mix about half 
of the lime required and then add the water and allow it to 
"season ' for a da\ or two. While it is seasoning, cover the mix 
with wet sacks or leaves so the soil will not dry our. During 
this seasoning time, the lime will react with the soil to break 
down an\ clods or lumps that clay has. After the mix has 
sea>oned, work it again carefully with shovels, add the rest of 
the lime. mi\ and add a little more water, if needed. Then, 
n :s read 1 * to be made into blocks or rammed into a wall. 
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Chapter 8 

MAKING ADOBE BLOCKS 

The art of making adobe earth blocks is ancient— and the 
old hand-mixed methods "work as well today as they ever did. 
But, if you have some machinery to help, mix the soil and 
move it, you can make good blocks a lot faster. 

o 

MANUAL^ (OR OLD) METHOD OF MAKING ADORE 
BLOCKS-WMTv a lot of cheap labor is' available, use it. All 
you need are forms for molding the -blocks and simple tools for 
mixing and moving the earth. 

The forms may be made for single blocks, but two- or 
four-block forms are better. Strong, long-lasting forms can be 
made from 2-inch thick planks. When the forms do not have 
to last a long time, 1-inch thick planks or 3,4-inch thick plywood 
can be used. The forms will receive a "lot of wear, so make 
strong ones. Use plenty of nails or bolts or, better vet, reinforce 
them with strips of metal at the corners. Since they will be 
wet much of the time, it helps to soak the forms in oil for 
a while before you start lo use them. Some people line the 
insides wjth iftctal so the forms will last longer and the blocks 
can come out easier. a> 

Adobe blocks can be made almost any size, but they should 
be kept small enough so that one man can lift them all day 
Jong without tiring too much. An average \\%>rkman can do 
this if the blocks weigh about 50 pounds or less. 

Adobe blocks are commonly made 1 to 6 inches thick. The 
width of the block matches the desired thickness of the wall, 
between 9 and 18 inches. The length, then, is controlled by 
the weight of the block. Two typical sizes of blocks that have 
been used are 5x10x20 inches (weight about 55 pounds) and c 
4x12x18 inches (weight about 50 pounds). 





Figure 39. Charging the forms. 



The manual method is most efficient when, four; workers 
are used. Two men prepare and mix the soil while t|te other 
tn<? mold ami remove ihe blocks, then, clean the forn'jis. The 
di v soil is prepared as explained in Chapter 7. Tli^n ,'it is^ 
mixed with water as shown in Figure 38 until the soil barely 
flows when lightly kneaded. A good way to estimate whethcr 
s enough water has been added is to use a stick to make a 3-inch 
deep; V^haped. groove in the soil mix. The mix is wet (Snough 
if the sides of the groove bulj>c and just begin to flow together. 

r Bituminous emulsions or eft her liquid stabilizers are added 
to the soiltnix at the same time as the water. Dry or powdered 
stabilizers are mixed in before the water is added. 

\ 
\ 

\ 




Figure 40. Kneading® and leveling the blocks. 
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Figure 41. Lifting the forms from freshly made blocks. 



After thorough mixing. the adobe mix is placed in tiie 
forms as shown in Figure 3 l J. It helps to drop or throw the 
mix in the forms so it parks tightly. The mix is then kneaded 
by hand as shown in Figure HJ to fill all of the corners and 
remove all air bubbles. If the kneading job is done well, the 
adobe blocks will be solid and 4utve strong corners and edges. 
After, kneadi ng, a small board ,, or trowel is nsi-d u> ru t ri ff , t h p 
extra soil" and smooth # the top edge of the molded block. A 
little water sprinkled on top of the block will help in smoothing 
it off. : - 

,As soon as possible the forms are lifted from the freshly 
made blocks a? shown in Figure 41. The only way of knowing 
when to remove the forms is to try it. If the blocks slump or 
bulge too much, either the forms are being removal too soon 
or the mix is too wet. If the mix sticks to the forms when 
thev .are removed, it is too *dry or the forms have hot been 
oiled enough. With some soils the forms may be removed 
immediately. With other soils you may have to wait longer. 

After removing the forms they are washed as shown in 
Figure 42 and returned to the casting bed for the next batch; 




Figure 42. Washing forms for next cycle. 
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Figure 43. Front end loader is used to mix soil with water in 

large sump. 

MECHANICAL METHOD OF MAKING ADOBE BLOCKS 
The mechanical method of making adobe blocks is not much 
different from the hand method. By using machinery to mix 
ana dump trie soil you can* make blocks faster, ' buT'"yo"ir Tweed" 
bigger forms and more of them. A larger casting bed is also 
required. 

The size of the adobe blocks is the same as those made 
by the manual method, but the forms should be big enough 
to make 12 to 16 blocks at once. For these bigger forms, use 
2-inch thick lumber. If enough water and earth are available 
to keep the mixing process continuous, as many as 40 to 50 
for nis may be used. 

Using the mechanic ul method, two or three workers may 
be enough. One man opeiates a tractor with a front-end loader 




Figure 44. Machine transports prepared soil mix to multi- 
forme. 
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such as" shown in Figure 43. He digs the soil if necessary, mixes 
the soil and water in a large pit and then scoops the soil mix 
up and drops it in the forms. This operation is shown in 
Figure 44. The other men knead the mix into the forms and 
lift the large forms from the molded blocks at the proper time. 
This method will vary depending on the type of mechanical 
equipment that is available. The front-end loader was used 
only as an example. 

CURING ADOBE BLOCKS-Adobe blocks must be cured 
or sun-dried before they can be used. The usual way of curing 
the blocks is as follows: 

, I. After the mold is removed from the newly made blocks, 
leave them in place two to four days without being disturbed. 
Gang molds may be used with a pallet to speed this operation. 
The mold can be removed after the soil mass has set' sufficiently 
to hold its shape and the pallet with blocks can be set aside out 
of the way while curing takes place. 

up without chipping or breaking, place them on edge to finish 
curing. At this time "any loose sand or other material clinging 
to the block is scraped off with a small stick (see Figure 45). 
Curing will take about a month, but it depends a lot on the 
weather and the type of stabilizer in the, block. 

3. If stabilizers such as lime or cement, are used, cover 
the. blocks with wet cloth or straw as soon as the molds are 
removed. Keep them moist for seven days, and then turn them 

on edge to complete the curing. (See Figure 58, Chapter 9.) } 

4. At the end of the curing period, the blocks are stacked 
on edge as shown in Figure 46 so they will take up less room. 

Because of the long curing period for adobe blocks, a large ... 
.curing area must be available. During ""dry, hot seasons they 
can cure without a protective roof. But if it is apt tb rain 




Figure 45. Unstabilized block is turned on edge to dry after 
two to fouTijjays. ( 
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Figure 46. Adobe block is stacked after.\ a month o[ curing. 

during the curing period, a protective- covering will be needed. 
The blocks shown in Figure 47 were ruined --by rain before khey 
had a chance to cure. 

An example of an inexpensive shed^used for curing blocks 
is shown in Figure 57 in Chapter 9. Bifi^ad types of covering 
must allow the air to cinfhlate around the"" blocks' or they will 
take too long to cure. I . 

Some builders have la\jd adobe blocks before they /have 
cured completely. This can jbe done if the blocks do not shrink 
after being laid and if they are strong enough to be handled 
without breaking. The savings in time may not justify this 
procedure, however. It is really better not to lay uncured blocks. 

CHECKING - QUALITY OF, /iLOCA'S-Controlling the 
quality of adobe blocks during construction is not as difficult 
as it is for pressed earth blocks because moisture content is not 
so important. It still should be done, though. You can make 
quick tests such as the reaction to shaking, dry strength, etc., 
explained in Chapter 2 ,to determine whether your soil mixture 
has changed. You'should also make tests on the cured blocks to 
determine whether the correct soil is being used and whether 
the correct amount of stabilizer is being added. The following 
tests are recommended. < . • 

1. Strength tests of the cured blocks should be made often 
using thS procedures given in Chapter 2. From the first 100 
blocks made, two or three blocks should be selected for strength 
tests. Jbater it is sufficient to check one block out of every 150 
to 200 blocks. 
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Figure 47. Inadequate protection of blocks during curing 
schedule may result in a loss such as occurred here after a 
rainstorm. 

2. Spmy testing is an easy i: way of checking the~quality of 
adobe blocks and assuring uniformity. These tests should Jse 
performed on cured ' blocks using the procedure described in 
Chapter 2. The number of tests to be performed is the same 
as for the strength' tests. 

3. Absorption test as described in Chapter 2 is one of the 
easiest ways of checking uniformity of* the blocks. Check the 
same number of blocks as for the strength test. 

All of the control tests should be clone on blocks which 
have cured|fbr the same amount of time. If tests are performed 
on blocks which have cured for one week and then other tests 
are performed on blocks that have cured three weeks, you could 
not expect the results of the tests to be the same. 



87 



Chapter 9 | 

MAKING' PRESSED EARTH BLOCKS 

As mentioned earlier, nun hine-madc jor pressed earth blocks 
combine the advantages of both rammccj earth and adobe, hut 
require less technical skill than rammed earth. For this reason, 
several hand- and power-driven machines have been developed 
in recent years to make pressed blocks, j Four machines known 
to Texas A\\M are l.ancrete. Winget, Fljlson and CI N YA -Ram. 
The mention ol these machines does lint implv endors'enient 
either I>y Texas A\tl or b\ the Agency lor Intevnation.il l>e- 
jjtduptticirr: 

I. A SDC R /•.' 77-."— The l.andcrete press is manufactured by 
Messrs. I.andsborotigh and I-'indlav (South Africa) Ltd., Johannes- 
burg." .Son -t k - AfrrcTi . ; \:Tigu i c 18.) It is a hand -operated press 
.which- was (!e\ eloped especially for making blocks and bricks 
from stabili/edi soil. It is a well-designed machine, \er\ sturdily 
built, and eas\ to use. The manufacturer claims that the hand- 
operated machine will make 100 to 130 blocks per hour. A 
power-driven model is also available which will make 500 bricks 
per hour. The machine weighs too much , to be easily moved. 
Yarious shapes of blocks which mac be molded with the machine 
are illustrated in Figure I' 1 . I ha. man\ a\ai!ablc shapes allow 
blocks for making corners, interior partitions and mam other 
special uses. Landcicte blocks have an interlocking feature 
which aids in laxing them. 

M7.YGA'7'— The Winget machine (figure , r >0) is a Imlrau- 
licalh -operated block pi ess po\y.ered b\ a small gasoline engine. 
It is manufactured b\ Winget. Ltd.. Rochester, Fngiand. It 




Figure 18. 
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h;<», K i.ijkiuu ma' hint allow liyiil t onslrm (ion ol ( 




r. ;:,*:<■ vs. Tin* Winder tut;u\ bhx k-makiiit* machine ii 
u«-d in (hi British ( aiiit-roons. 
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Fig-iire hi.' The compression and ejection stroke with this 
LIKftn block-making machine •. consumed 1.4 secqntls by stop 

watch. ' 

t -out a ins ' a rotating., table with three operating positions— one 
position each tor .filling the mold. ' pressing the block, and 
electing the block. I he table, itself, must be rotated by hari'd 
so that the rate of 'production is still controlled by the operators. 
Due to the high pressure which can be;\obtained ■ with the press,., 
the quality of the block is good. The machine is not easily 
transportable .due to its weight. - B 

/-././ st;.\ BLOCK MASTER— The Ellson Blockmaster is a 
manually-operated block (or brick) making machine manu- 
factured bv Ellson Equipments (Pty.) Ltd., 283 Fox Street, 
Johannesburg. South Africa. (Figure 51.) ;- The machine operates 
on a lever system with a constant length of /stroke so that the 
block thickness is always the same. I he high lever ratio (500-1) 
makes a verv dense, solid block. Different molds can produce 
blocks 9x12x4 inches or 6x12x4 inches. Other molds and attach- 
ments are available to form interlocking blocks, 4i/ 2 x9x4 inch 
bricks or 18x9x4 inch hollow blocks. The manufacturer claims 
a production rate of 900 to 1100 blocks per 8 hour day with 
an increased rate up to 1400. to 1500 blocks per flay with a 1 
semi-automatic loader attached. If ,the 4i/ 2 x9x4 inch bricks are 
made, the rate is approximately doubled since two bricks are 
made in one operation. Two men would be required to operate 
the machine and two or three more to prepare the soil. 

CIS I A-R AM— The ..C'INVA-Ram (Figure 52) *'as developed 
by the ■Inter-American Housing and Planning Center (CINVA) 
at Bogota, Colombia, in 1952. It is operated by manually apply- 
ing pressure on a long lever arm. It produces blocks which 
are 1 1 i/ 2 x:>i/ 2 x3i/ 2 inches (either hollow or solid) and will also 
produce 1 1 i/ 2 x.5i/ 2 x 1 1/ 2 inch tiles for roofs or floors. Thejong^. 
lever arm arrangement produces dense, h igh^u^lit-y- ■blcTcKs. The 
CIN VA Ram is presently distr|b.UJ^d--rjy^ietalibec Ltda, Apartadp - 
Aero 23i^NAJ — l&rr"Bucara manga, Columbia, South America, 
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Figure 52. 



punier license from I. B/E.C. Housing Company, New York, U.S.A. 
The machine weighs/only 140 pounds and is the lightest of the 
four machines , mentioned here. Three men, doing all of the 
work, including) processing, mixing, molding, etc., should make 
300 blocks a day/ Five workers can make 600 per day by divid- 
ing the jobs. / ^ 

SUMMAm' 'GfjF BLOCK-MAKING MA CHINES— AW of the 
machines discussed above make high-quality earth blocKs. Each 
machine certainly has its advantages and disadvantages and 
certain machines' will be available in some areas of the world 
where others wjll not. There are probably other good machines 
that \vjttt make/ good earth blocks, but it is not practical in 
this^rnanual toi discuss all of them. We will use the CINVA- 
Cam machine -to discuss the procedure for making blocks. 

BLOCK-MAKING OPERATIONS-A te^am of five or six: 
men working with one machine achieves the best production. 
Three men handle the* digging and processing, while two men 
operate the machine and mo f ld the blocks. "Another man may 
be used to stack the blocks for curing. 

PLACING SOIL MIX IN MACHINE-With most of the 
block-making machines (particulirly with CINVA-Ram) it is 
necessary to get the correct amount of soil mix in the machine 
each time. Fast, simple weighing equipment can be used, but 
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Figure 53. 



a wood or metal scoop will do almost as well. A scoop for the 
GINVA-Ram is shown in Figure 53. A worker can scoop into 
a loose pile of prepared soil mix, scrape off the excess material 
with a piece of straight wood or sheet metal, and then dump 
this measured amount directly into the machine. The size of 
the scoop is determined by the correct amount of mix to make 
a dense block. Another way is to use only one size scoop but 
use an adjustable scraper as shown in Figure 53. 
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Before each scoop of mix is placed in the CINVA-Ram, a 
light c oaf of oil should be brushed on the sides and bottom of 
the' molding box. A mixture of 1 part engine oil and one^part 
of kerosene is fine. The oil coating keeps the blocks from 
sticking to the sides of the mold and makes them easier to 
force out. 

The scoop of soil mix is then placed in the oiled mold 
box. (Figure S4.) For many soils, a scoopful of loose material 
will not completely fill the mold box and the cover can be 
easily closed. -Some soils, however, have a tendency to "fluff" 
when moist- (usually, the .sandy .materials do this) and they 
must be lightly pressed down by hand before the mold cover 
can be closed. It has also been found that many^blocks are 
not compressed tightly at the corners and these corners will 
later chip or break off during handling. - This does not affect 




Figure 54. Charging mold box with soil mix. 
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Figure 55 



Pressure stroke. 



the overall strength of the block but can spoil the looks of the-, 
wall later on. To avoid this problem, loose mix in the corners 
can be pressed down tightlv bv hand or "a Tittle excess soil mix- 
can be placed in each of the corners. 

PRESSLXG THE 1U.OC KS-Thc worker who fills the mold 
box ..'slides the cover on.« His partner applies the piessuie on 
th.e""lever. (Tigure ">">.) This is a most important part of the 
operation and requires practice to do well. The (dWA-Ram 
was developed so that as little as 70 pounds of force applied 
to the end of the lever produces a block dense enough to be 
.satisfactory However, it has been proved that denser blocks 
are much stronger and more wea t her- resistan t..' So, ft is recom- 
mended- that at least !.'}() pounds of forte be applied to the 
lever arm; that is, a maif weighing about. 130 pounds should 
be able to applv all his weight to brijig the fever down to a 
le\el position. 

A good block depends on the correct amount of soil in 
the mold box. If the lever arm tan be pushed to the level 
position without pressing hard, then not enough soil has been 
placed in the mold and the block will not be dense. If too 
much soil has been placed in the m#ld, then the lever arm 
cannot be brought down to the level position, even with con- 
siderable force. The block produced in an overfjli^l mold 
still will not be dense enough. The builder _£i«f*j ridge when 
he has the correct amount of mix in the brfx. He will feel the 
greatest force when the 'end of the lever 5 lacks about one foot . 
from being level. 

If weighing equipment is available, v\u should determine 
the density of your blocks by measuring their weight and 
volume. The best blocks are "the heaviest or most dense ones. 
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" iiJF.CTlXC, ■ lUAXCKS-ln the CINWA-Ram, blocks are 
pressed out of the mold by lifting the lever arm and swinging 
it to the other side of the mold box. (Figure 56.) After ex- 
truding'. the"block should be transferred to a suitable place, for 
curiii". If the top' of the bloc k bows or cracks during this 
extruding process, the sod mix was probably* too wet. I hese 
blocks will be weak and should not be used. New K made soil 
blocks containing cla\ can be handled with little fear of break- 
ing. >k'w sandy blocks may crumble when handled, so thev 
should be moved on a. woo<J or metal piece (ailed a pallet. 
Some fresh blocks must remain^on pallets until' the\ are strong 
enough to be moved. It may be necessary to have enough 
pallets on hand to handle an entire day's production of blocks. 
The only way to know whether pallets are required is to make 



Figure 56. Extrusion of finished block and removal to curing 
area. 
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c Figure 57. 

"blocks and sec how thev hold, together uhc-n itu-\ cutur out of 
the machine. ~ • . » 

CURING HLOCKS-)\'hl\c curing, blmU ,h<.uld he M<,tud 
in a place where they .will not be ilisttii hrd and i \,,*r tu v*ttrtr 
they will he used. 

Curing is completed when the \s.itn inn! im inuliliuj* is 
dried out. Thev will di\ out fas.tr! m the mih If thr x\r A 
received a lot ol rain, dt\ them out undrt„.i iu\riing m ihraji 
shed as shown in Figure ~>1 . II thr toof of thr hutivc iui budt 
first, dry them under the root. 

A wet cure period is necessary (or'sttibtitird blink-, m g.un 
strength, particularly if they contain lenu-ntiug t<.}« stabili/r-i 
(See Chapter 2.) During the wet cuiing period, blocks should 
be stood on end and covered with wet sacking, leau-v ur other 
material as shown in Figure 58 so thev can be kept tiinist. Aftrt 




curing, the covering is removed and the blocks; are sucked while 
"they dry? " - • _ ' ° 

e Somi' builders do, not wait Until the blocks "are completely 
dry before laying \them in the wall. This does no harm as 
long jis^ ( he blocks \do not crack when being laid and do not 
shrink later. But, let them cure for at least a week before 
iising;; the longer the belter. „ 

CHECKJXG QUALITY 6f BLOClt$-r\y hen a large number 
of blocks is being made, a few bad ones are bound to turn up. 

-Sometimes., even a whole batch of blocks will be of poor quality 
because somebody did something* i|rong. Mistakes happen, and 
the builder can guard against them by performing occasional 
coiiirol tests. The type and number of testa that should" be 

-performed depend on the size of the. job and type of con- 
struction. For pressed earth blocks the following tests ire 
recommended; ° 

1. The moisture content of each separate mix ihould be 
checked before blocks arc molded. . If the mixes are small,, you 
can check moisture by making a ball of the moist mix as 
described in Chapter 2 and dropping it fen & hard surface* 
For • large mixes' try to use the 'more exact tests for moisture 
described in Appendix B. Use soil samples, weighing 1 to 2 
pounds.*' 

2. Spray tests should be performed occasionally to see if 
the«resistance. to weathering is as good as expecteoV These tests 
should be performed on cured blocks using the procedure 
described in Chapter.2. If the job is just starting, Lhjen 2 or 3 
(or. even more) bricks, out,, of the first 100 bricks should be . 
checked. Later iR; is sufficient to check one brick out of every 
150-2Q0 bricks made, 

S. The strength of the block should also be checked often 
to make sure that the. block will be as strong as expected. These 
tests should be performed on cured blocks using the procedures 
given in Chapter 2 or Appendix A. The number of tests that 
should be performed is the same as given above for the spray 
tests. 

-fc- A&sorptTun testr "carl be ""easily " performed on cured 

blocks using the procedure given in Chapter 2. Make an 
absorption test each time you do a spray test. 

„<5. Density tests to determine whether your blocks are 
being pressed enough should be done if weighing equipment 
is available. Remember that the heaviest blocks are' the best 

ones. " ... ?. 

If the blocks do not pass these control tests, block-making 
should be stopped immediately until the trouble is located. 



97 



Chapter 10 



MAKING WALLS WITH EARTH BLOCKS 

Earth blocks, whether adobe or pressed, are laid in level 
layers (or courses) just like ordinary burnt bricks. Each course 
is offset one-half of the width of the block as shown in Figure 
59 so that the vertical joints are not continuous. The blocks 
are joined together with a mortar to give a uniformly strong 
wall. Some block-making machines produce v blocks with inter- 
locking grooves and ridges so the blocks bond'Xogether without 
using r|iortar. This type of bond is not verv satisfactory, 
^ar4:4Gi*lariy--jfor-are^~siA-bje-c-t--tO"-©arthquakes or high winds. 

The selection of a correct mortar is an important step 
the information given below should be closely studied 
a mortar is selected. 




MORTARS FOR PRESSED EARTH BLOCKS— The mortar 
used for pressed earth blocks may be one of high-quality like 
that used for burnt bricks, or it may be made from the same 
soil mix used for the earth blocks. Here is one high quality 
mortar that , has been successfully used with many different 
types of earth blocks: 

1 part portland cement. ~ 
1 pprt», lime. , 
6 parts,xlean sand (particle size less than i/g")- 
Sufficient clean water to make a workable mix. ; 
cement is available, us6 



If 



one part masonry 



masonry 

cement, three parts sand and enough water to form a workable 
mix. 

If soil mix is used for the mortar it should be one low in N 
clay content to avoid shrinkage cracks. Since the mortar is not 




prosed Jikt the blocks, it will require some son o£ stabilizer— 
umijI[\ f.<u t land <enteulor lime— so it will have approximately 
the vim< \tiength as the blocks. Research has shown that 
mm t.i ! f<>! 'nlizrd pressed blocks should contain about twice 
js iiiut h Mjhili/et vis the blocks to be as strong as the blocks. 
In othf s Hduis double the amount of stabilizer you used 'for 
>uui blocks when making a. stabilized soil mortar.^ 

The soil mix or sand to be usetl^Ho* the mortar should be 
sieved through a small screen. 

slll<l!\(. THE BEST MORTAR FOR PRESSED 
K4H 1 1! HI Oi.K S-There are some simple tests that can be 
used in '•electing a good fiortar. Before making these tests, 
it is f it-»i necessary to kneflsfc .-..'soine thing about laying blocks. 
Situe prc^stil earth blocks are usually dried before they are 
laid they are likely, to absorb some of the water from the wet 
mot tar If the\ absorb too much water from it, the mortar 
will di\ imt too fast. Then it will lx- weak and will not form 
d good bond with the block. 

A simple wav to determine if this will happen is to draw 
a 1 - inch diameter circle on the surface of a block with a wax 
pencil 01 nayon. I sing some sort of dropper, rapidly place 
20 drops ot water inside the circle. If the block completely 
absorbs the waiei in less than 1 1/ 2 minutes, thje blocks need to 
be wetted.. I his can be done, by completely immersing stabi'l'izied 
blocks in water for a minute or two. Unstabilized blocks can 
be thoroughly sprinkled with water. Allow the surface *ater 
to be absorbed into the blocks before the mortar is applied/. 

After the blocks have been properly wetted, two or more 
of them ate joined together with each of the proposed mortar 
mixes using the same thickness of mortar joint that will be 
used in the wall. It is important that the consistency ("wetness") 
of the mortar mix be the same as if it were being used in a 
wail The excess mortar is removed or "struck off" and the 
mortar joint allowed to dry at least o«e day. The mixes are 
judged from the appearance of cracks in the mortar. A mortar 
is unsuitable if it contains open cracks that will allow surface 
water to enter the joint. Fine hairline cracks in the surface 
are usuallv not damaging. Mixes that have damaging cracks 
need either more sand or more stabilizer. 

If the test joint you made shows no cracks, set the test 
blocks aside in a protected area for at least 7 days. If portland 
cement or lime is used as a stabilizing agent they should receive 
a wet cine for the first day. At, the end of the 7-day drying 
period, drop the joined blocks on a hard surface from shoulder 
height so as to land on the corner of one of the blocks. The 
fragments aie inspected to determine -if the cracks follow the 
joints or cross the joints through the blocks. Any mortar that 
is strong enough to hold the blocks together so that some of 
the cracks are through the blocks is a strong, durable mortar. 
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If the cracks are all in the mortar joints, the mortar may be 
suspected as being too weak for successful use. Some blocks 
are extremely strong and may not crack through the block. 
In such cases, the only thing to do is to estimate by some other 
means the force required to pull the blocks apart. 

MORTARS FOR ADOBE BLOCKS- Vests have shown that 
the mortar for adobe blocks should have about the same strength 
as the blocks themselves. If the mortar is much stronger than 
the blocks, it could cause the blocks to crack when it shrinks. 
For this reason, it is usually best to use the same soil mix 
(including stabilizer) as was used for the blocks. This mix 
should be put through a fine screen to remove large particles 
which are never desirable in the' mortar. 

If the mortar does not satisfactorily bond the blocks, it 
may -help to wet the blocks, first by sprinkling them. Adding 
a small amount of stabilizer might also help. However, as a 
general rule, very little trouble is experienced with mortars 
for adobe blocks. 

SETTING DOOR FRAMES— Be foie the block-laying begins, 
all door openings should be accurately located and marked on 
top of the foundation wall. Sometimes the door frames are set 
in place before laying the blocks. 

r- 

Another satisfactory method, often used with adobe con- 
struction, is to leave an accurately measured opening for the 
door frame to be placed after the block laying is completed. 
If the door frames are placed first, great care shguld be taken 
to make sure that they are in the correct position: They should 
be perfectly plumb and then solidly braced. The frames should 
be perfectly square (do this by measuring across the diagonals) 
and then braced diagonally also. ? ■ 

TERMITE PROTECTION-ln certain arenas of the world, 
especially in tropical climates, termites or white ants are so 
bad that they will even burrow in earth blocks. If the house 
is being built in such an area, special precautions must, be 
taken. The common method is to use a thin metal shield which 
is placed on top 6f the foundation wall and have it project out 
and down from the wall at least three inches. It may also be 
advisable to treat the soil and lumber with suitable insecticides 
to minimize attack by termites. 

LAYING THE BLOCKS- After the correct mortar mix has 
been selected and the -termite shields and door frames are in 
place, the blocks are ready to be laid. The usual procedure 
is to place the first layer of blocks around at least most of the 
house as shown in Figure 60b. Leave space for the mortar 
in the joints, but do not put it in. This step provides the 
correct block spacing for the remaining courses. When proper 
spacing has been obtained by trial the blocks are then laid 
with mortar. 
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Figure 60a, 




Figure 60b. 




Figure 60< . 



Then several courses of blocks are carefully laid ai the 
corners and at, the door frames as shown in Figure 60>c, These 
provide a gu.ide for laving the remaining blocks, so they should 
be laved level and correctly spaced. String lines are then, 
stretched between corners of the bujjding as shown in Figure 61 
or between a corner and a door fntene. The string line should 
be placed so that it will just be level with the top of the next 
row of blocks to lie laid and checked to see if it is level. If an 
adjustment is needed, it should be made It is best spaced a 
small distance out fiom the outside edgr of the wall (usually 
about 1 inch). In this manner, the person laving the blocks 
knows exactly hou lai the block should be fiom the suing line 
to give a straight wall, (It mav be handv for him to have a 
small block of wood of just the correct thickness so that he can 
measure the distance from the string line to the face of the 
block.) "The string line is. moved up to the next course after a 
course is completed.. In this manner s ,thq courses are brought up 
to the level of the window sills. Then the block laying is 
stopped while the window frames are set in place. 

Adobe blocks have rougher surfaces and it will be a little 
harder to lay them to a straight line but it can be done. 

A house with crooked walls will not look as good, so check 
often to be sure that your walls are going up plumb (vertical). 
Use a level or plumb bob to check them. • 
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Figure 61. 



The block layers (or mas'bns) should have helpers to keep 
enough mortar mixed, to soak the blocks (if needed) and to 
keerj a supply of blocks easily ' available- to the mason at all 
times. The mason needs the correct fools for his job,, a large 
and small trowel, a jointing tool, hammer, and level. 

The mortar is placed on top of the blocks with the trowel 
as shown in Figure 62. Sufficient mortar is used to give a 
joint .somewhat thicker than desired. The mason then puts 
mortar on each end of the block and sets it in place. Using 
the trowel handle, he lightly • taps the blocks into the exact 
position and then strikes off the excess mortar which has been 




Figure b2. 
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squeezed out ul die jouus. After the mortar lias become slightly 
hardened (in about .'50 nnnuies) the mason finishes the mortar 
joints. This is done with a rounded tool tailed a jointing 
tool, which slightly indents tire joints and removes rough edges. 
Thus serves to pack the mortar tightly in the joints and also 
makes the joint more waterproof. The mason's helper should 
occasionally sprinkle the fresh joints with water to keep them 
from drying too fast. When the mason needs half blocks at 
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Figure 64. A builder in Aibuquerque, !§• M., uses this wall 
section for adobe walls. 

* r 

door frames and windows he can cut blocks by giving them 
a sharp tap with the edge of his metal trowel. 

If the block wall is going to be covered with a thick surface 
coating, (as explained in Chapter 13) it is not necessaty to 
finish the mortar joints with the jointing tool. Instead the 
mortar is left in a rough condition, either protruding out jfrom 
the blocks or deeply indented. Some builders even omit the 
mortar from the vertical joints at the ends of the block. This, 
however, may not be a good idea but if it is done and if 
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Figure 65. This lyrical wall section for adobe is used by a 
well known Albuquerque, N. M., adobe building contractor. 

this space is later filled with the surface coating it provides 
a very strong-j bond between the surface coating and the wall. 
Rock chips set*in the wet mortar, also provide a good bond 
for surface coatings. This method is shown in Figure 63 for 
an adobe house. 

WlNpOWS-When the block wall has= been brought up to 
the correct height, the window sill should be placed. This/ 
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l imine lid. An mn 'banning window ■ vsill channelizes (he rain 
mm (uii rivulets, easilv eroding ihc unprotected, 11011st :ihi lizcd 

u all Mil l .u »'.,,' 

i iiu" 1 1 1 [III 1 1 1 1 i.st (iilmiiiMi places lur a 1 11 n i \ in;4 leaks Id on lit' 

and L;nal i arc should 'lie taken ai this stai;c of the const ruction. 
Ihc sill should he- made o! a smrdv maieual that will not rot. 
A iv'inl (jiialit\ iiu u i a i . ( a 1 1 -be used . >i | uci era I > 1 v lightly re- 
1 1 1 1 > > 1 1 < « I | ioi I la i id i riiK in (oiicri/t'c should he 'formed into a' 




Figure 67 a. \ This 2" x 1" wood nailer bloek, of the same dimen- 
sions as an adobe block, is inserted in plate of the adobe block 
around u indous and doors to offer an excellent, rigid hanger 
for the wirurbw or door frame. 



\ 
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Figure 67b. The nailer block is shown in place (under the 
building paper) in this residence under construction in Albu- 
querque, N. M. (Koeber). 

^ _ . . . [. .... .'.} A 

silt as shown in Figures Bf and Bfi. When a wood frame window 
is to be used, the masonrv sill should not at any place extend 
above the bottom of the wooden sill or leaks will occur. The 
masonrv sill should not stick out beyond its .finished outside 
wall. An overhanging sill will collect water running clown the 
face of the wall and cause damaging erosion as shown in 
Figure 6(5. If an overhanging sill is used, it should have a drip 
groove underneath to prevent water front running down the 
face of the wall. 

After the masonrv sill is in place the window frame, can- 
be /set and braced in the same manner as the doors. Then, the 
block-laying can continue? Of course, vou can also leave an 
accurately measured opening for the window and place it after 
the blocks have been laved. A trick often used bv adobe builders' 
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Figure 68. This shows how timber lintels are used above doors 
and windows. Above the lintels (in the cut-out section) is 
shown a concrete bond beam. 



when the walls will be covered with a surface coating is shown' 
"Stl, Figure 67. Wooden nailer blocks— exactly the size of an 
adobe block— are placed at several" points adjacent to door and 
window openings. The nailer blocks are mortared in place 
and their center is filled with mortar, also. Window and door 
frames can be nailed directly to these without fear of cracking 
adobe blocks. This method can also be used with pressed 
block walls that will receive thick surface coatings. Another and 
perhaps better method- is to attach sheet metal strips to the 
frame which will extend into the mortar joints. . 

LINTELS— The weakest spot in any' house is over the 
doors and windows. A beam or other reinforcing cross piece 
called a lintel should always be used above these openings as 
shown in Figure 68. The lintel must be strong enough Jto- 
support construction loads* as well as the weight of the blocks 
above. A large timber or a reinforced concrete beam makes a 
good lintel. (Fig. 95 in Appendix A gives some thicknesses of 
lintels that can be) used for various conditions.) %The lintel 
should be at least as thick as the wall so that blocks laid on 
top of it will be fully supported. They^ should also project out 
i on either side of the door or window for a distance at least 
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Figure 69. A cedar post was used as a lintel in this early 
construction at Ysleta, Texas. , 

equal to the thickness of the Hvall so* fhey will have plenty of 
j surface to rest on. 

A drip barrier should be -cut in all lintels. This barrier 
is a small groove (about 14" deep and 14" across) on the 
underside of the lintel about one inch from the outside edge. 
It will keep water from seeping back into the wall, itself. 
Figure 65 shows the location of the drip barrier. 

» ti A lintel made from a cedar post is shown in Figure 69. 
This method was commonly used over a hundred years ago 
when this building was constructed, and it's still a good one. 
Railroad ties also make good lintel* because they are strong 
and usually are treated \to resist^ termites. 

\ " ' 

BOND BEAMS— Boncfegbeams (sometimes called tie beams 
or perimeter beams) are used to reinforce the top of the earth 
wall againsfcsloads from the roof: (See Figure 68.) The beam 
distributes the roof load and ties the top of the walls together. 
If a low-ceiling house is being built, the bond bean! can also 
serve as the lintel as shown in Figure 70. Bond beams should 
be the same thickness as the wall and preferably be tied to 
the wall with bolts or some other type of projection, The 
beams may either be wood or reinforced concrete. Wooden 
bond beams should be placed over a thin layer of mortar on 
top of' the last course of blocks. Concrete bond beams (and 
lintels also) can be poured in place on top of the completed 
je^arth wall as shown in Figore 7*1. Make the forms strong so 
they will not. bulge. If you are using a timber frame roof, set 
bolts in the fresh concrete for holding the roof down. 
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Figure 70: This shows a combination bond beam and lintel, 
made from reinforced concrete, Hhat can be used, on low-ceiling 
houses. 



REINFORCEMENT —The bes"t made homes use extra re- 
inforcing. In earthquake or high wind areas, reinforcing should 
always be used. The most common type of reinforcing used in 
a block wall consists of reinforcing rods or wire mesh laid in 
occasional horizontal joints. These rods or mesh are embedded 
in the mortar between blocks and also serve to reduce shrinkage 
cracking. Usually this reinforcing is placed in at least one out 
of every six horizontal joints. 

Additional reinforcing is normally required in the t horizontal 
joints immediately under window sills. Since a window repre- 
sents; a weak place in the wall, most structural cracks ; occur 
at the corner of_the window. Reinforcing is not required above 
the window if a sturdy lintel is used. Reinforcing rods are 
sometimes placed in the n&rtar joints at wall corners and where 
ah inside wall joins into an outside wall. This reinforcing can 
be made from steel bars that are bent to form the shape of 
the corner of the wall junction^ 

Additional strength, particularly for a two-story building, 
is obtained with vertical reinforcing rods. For most block walls 
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Figure 71. Forms like^ihis^an be used to pour concrete bond 
beams and lintels -^n Jilace in the wall. 

ft:'* ■'•tVa ^, ■ 

this means drilling & hole through . the blocks and grouting the 
rod into the blocks Vertical reinforcing is normally used only 
in areas subjected to severe earthquake shocks. 

EARTHQUAKE .DESlGNS-ln areas' subjected to frequent 
earthquake shocks, the* following rules should be followed: 

... .1. The plan of- the building should be compact and rec- 
tangular in 'order' to: .minimize the effects of shaking. 

2. A continuous reinforced concrete foundation laid on 
compacted or solid ground -is necessary. 

3 ' ^> ne - stor y waIls sh ould not. be less than 12 inches thick 
for exterior walls' and 8* inches thick -fox interior walls. A two- 
story house should have ,18- and 12-inch thickness exterior, and 
interior walls for the first story and wood framing for the 
second story. The Slighter construction fot the second floor 
minimizes the hazards resultihgTrofri- earthquakes. 

4. Reinforce mortared joints. Reinforcing rods or wire 
mesh" should be placed in every fourth or fifth horizontal mortar 
joint and lapped over at corners. When surface coatings are used 

! " e : ." Ill , 



this method can be improved by using a four- tcsix-foot width 
\ of one-inch wire mesh in every sixth joint. The extra widths 
..^s turned down against the face of wall and fastened to it. This 

provides a /good bond for plaster. 

\ INSIDE WALLS— The . homebuilder has several choices of 
materials from which ,io construct the interior walls of the 
builairjg. They may be made from the same -soil that was 
Wised \in the. exterior e) walls. Normally they do not have to b$ 
as th'ii^k nor as strong. Also, they do not need to be weather 
proof. yThey ^TuKl, however, be resistant to abrasion, and a 
hayd plaster .coding may be desirable. 




Chapter 11 
MAKING RAMMED EARTH WALLS 

A ranuried earth wall, you might say, is a large pressed 
earth block. j Because it is much bigger than a pressed earth 
block zhid it is made right on top of the*, foundation wall, it 
is harder to do well. But if you do it fight, you will save a 
lot of effort. You don't have to move »a lot of small blocks 
around and Slay them in the wall. A rammed* earth wall will 
make as good a wall as pressed blocks will make. 

Don't try to build a rammed earth house without knowing 
exactly what! you should do. It will be worth your while to 
spend a lot bf time studying this chapter before you start. 

After finding the right kind of soil for rammed earth, the 
most important thing to do is to build a form or mold to ram 
the earth in.j 

- The nextj most important thing is to ram the earth correctly. 

HOW TO BUILD FORMS-Tlfe forms for rammed .earthF 
are a lot like) those used for poured concrete. They are simply 
jectangular boxes without tops or bottoms into which earth 
is pounded. The forms must be strong because they will have 
to stand a lot of abuse before your walls are finished. Since 
they will have to be moved often, they must not be too heavy 
for a "coupleTof~~men to lift. 

The forms can be made from metal, but since most 
builders will want to use wooden forms, we will talk about 
them f>nly. A simple form can be made like the one shown in 
Figure 72. It uses 2" thick lumber (2"x6", -2"x8" or 2"xl0")° 
nailed to 2"x"4 braces or studs spaced 2' to 3' apart. You'll 
■ need two panels and several long (about 28"-30") y 8 " round bolts* 
to hold them together. The bolts should be long enough to 
extend through the forms and _siuds_ with the threaded portion 
sticking, out ;a couple of inches. After the forms are removed, 
the bolts" are driven "out x>T~the wall" and the holes filled with 
tightly- rammed soil mix. , ■ . ■. . ; , 

Thejprrn in Figured are used for making straight wall 
sections. To /nake corner sections, .make some special forms 
from the same type of wood, but patterned to look like those 
in Figure* 74; . . 

In building a rammed earth wall, the bottoms of the panels 
are clamped; tightly over the foundation wall . or a section of 
finished wall. If they, are the right thickness or width, the 
bottoms of the forms will be rights also. To space the top of 
the forms, use 2"x2"^ wood "spacers" cut to exactly the same 
width as the wall. 

To keep the earth from coming out of the forms at the 
ends, use a piece called an "end gate." End gates should always 




Figure 72. Form W ramming. 

/• ■ \ % .. 

/ X' :: 'i 
, be as thick as the rest of the forms^2" in this case. End gates 

,also serve as spacer blocks at' the. ends of the forrn^ so they 

shouktjae i as wide as the walls. iri\most 'eases '-end' : gates will 

bemused n&ht.at the end, of the forms, but' they should be made 3 

so they wjKfe|it any place • iriside the forms .in case you have 

to ram slijw^^wall - sections, Try to space end gates so they'll 

be'at least 8" from- the nearest bolt. If you don't leave enough 

room, it will be difficult to ram the soil correctly. 

Always nail a 'beveled piece of wood on the end -gate, so 
that it faces the inside wall. When the eairth is rammed in 
the iormsy . the 1 " beveled piece will forrrl a groove in the end of 
the wall; When the next section of wall is rammed, the groove 
will be filled with earth to form a solid joint that bonds the : 
sections together. 

i The form shown in figure 72 will be fairly heavy for two 
men t0 handle. If a smaller form is made, it will be lighter, ^ 
of course; but you will have to move it top often. 

, Plywood, 1" thick, will do as well as 2" planks; and will 1 
make lighter forms. < It must be braced better, though. • Use/ 
2"x4" studs spaced 18" apart in both directions. The bblte 
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should be at least, \/„" in 'diameter. ' I'Uwood forms are shown 
in Figures 73 and 74. ® 

Plywood is easiest to use in liia.kAig"' forms, 'but it is more 
cost I v than orditiar\ lumber and sometimes is hard to get. It 
will make nice, sni'oo.t h , walls, but it gouges easily li acciden I a Uy 
struck with the corner of the fanuner. 




Figure 7'!. Straight form lor i.aiuinctl earth walls. 




Figure 71. Plywood i order lorin for rammed, earth walls. 
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Figure 75. Thin' metal strip* such m these can be used instead " 
of bolts to tie rammed earth forms together 

Other thicknesses of hi in her can be used, of course. Bolt 
and stud spacing can be based on those shown in Figures 72, 
73- and 74. 

Instead of bolts, which might be hard to get, you can use 
thin metal strips to hold the forms together. Small slots are 
• cut in the forms for the metal strips to go through. Metal pegs 
..or large nails hold the strips to the forms and wedges can be 
driven to pull the strips tight as shown in Figure 75. Instead 
of pulling the metal strips out of the wall as you do with bolts, 
just leave them in place. If you are going to use a plaster 
surface coating leave them sticking out a shoi^t distance to bond 
the surface coating to the wall. If not, cut them off flush with 
the surface of^the wall. 



1 
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Figure 76. This is a special form that was designed to use 
the metal tie strips shown in Figure 75. 



Of course, if you use strips, you will need many, but they 
are not costly. They can be cut from thin pieces, of sheet metal 
or even from heavy metal cans. A form that has been especially 
designed to use these metal strips is shown in Figure 76. 

Another type of form that has been used is shown»in Figure 
77. The top bracing and rods are strong enough to hold the 
bottom of the form together. You'll need only a few bo^s-ar^ 
you don't have the bother of removing the bolts from the wall. 
But the forms arc harder to make and they also, must be 
sturdier. Don't try them unless you are an experienced builder. 
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Figure 77. Form for ramming. 



Here are some hints that might help you when you make 
forms: 

1. Don't make your forms deeper than 2 or 2i/ 2 feet. If 
they are deeper, it will be difficult to ram the earth correctly 
at the bottom of forms. 

2. Use seasoned lumber for your forms. Green lumber 
will warp. . 

3. Keep your forms oiled with a light-weight oil. This 
will stop warping, and. keep the soil from sticking to the lumber. 

4. When your forms are not being used, stack them flat 
in a protected and well-drained area so they won't warp. 





^Figure 78 



5. Make 
Figure 78. 



your bolts tyith crank-type handles as shown in 



-6. You can crank the bolts off and on faster, than you can 
tighten the nuts with a ^wrench. * 

7. If several houses are being built, line the*-, inside of 
your forms with thin sheet^metal. They will last twfce as long. 

8. Drive a ^couple oif nails partially in your spacer block 
and bend them over to fit on the bolts as shown in Figure 7,8, 
When you set the forms |ip, stick the bolts through the nails 
t6 hold the spacer blocks (n )p)ace while you are tightening up 
the bolts. s 

r ' \. , \ ' . . . - 

' " 9. }i you cin't find .suitable bolts, use heavy wire to hold 
,the forms together. Thread the wire around the studs and 
|twist it eight with a rod /or heavy nail. When the forms are 
removed, jcut the wire off /finish with the wall. 

10. fcvery place whjbrei you have /'an. unprotected corner, 
nail a smjall strip of wobd,|cut on a 45° angle, to the inside 
corne^of Ithe forms. This isj called a chamfer strip, and it will 
help {Sg'raund off" the sharp! corners. * 



Rammed Earth Tampers 

M ost ramme d earth tampers are the han't!, type, but if you 
want to tamp soil faster, an air tamper— which requires expensive 
equipment— will be better. ^ 

HA\'D I'AMPHHS— Yhv weight "of hand tampers is very 
important. The heavier the tamper, the faster the earth can 
be rammed. So use ibe heaviest tamper your laborers can handJe 
all day long without overt iriug. Small laborers cannot tift hand 
Campers weighing'' more than 16-18 pounds for long without 
tiring. - Larger men mav be able to work .efficiently with tampers 
weighing 20 to 30 pounds. 

The size of lire striking face is regulated depending on the 
weight of the tamper. A good rule to follow, is this: the tamper 
should weigh two pounds for everv square inch of tamper face. 
A tamper with a 3"x3" square face (this is the most popular 
size) .shoiild__\veig).i_..l8. .piiuuds. - For a -}"xr" square face 'the' 
tamper should' weigh 32 ' pounds. . 

A square tan) per with a flat striking face is the best to use. 

Round-shaped and other" curved faces mav not gouge the forms 

-as badlv as square ones, hut- thev don't compact as well, either. 

If you care io,„vou can make a few tampers with special shaped* 

faces for compacting in small areas, such as aipund the end 

gates of the forms. 

' <■'.' 9 * ' 

Figure. vs 7°- shows a sturdy metal tamper that is, easy to make. 

Tampers cab also be made of wood but th'cv are a link; harder 

to use. because, thes are bulky. The striking face of wood 

tampers should be covered , with a piece of metal -to prevent 

rapid wear and splitting. 

• A special two-man tarn pet with a sliding weight that has 
worked well is also shown in Figure 79. This hammer can be 
guided easier and therefore it does not damage the forms as 
much as a one-man -tamper. , 

AIR- I AMl'l' KS \\ ith ai/i air-tamper one man can tamp sod 
in one-half to -one-third the,' time thai he could using a hand 
tamper. Many types of an' 1, tampers aye available, (..el a light 
one that doesn't weigh more than 2:*>- .30 pounds. It should be 
a long-stroke machine, of moderate feed, that delivers-, powerful 
blows'. A six-inch square ,[amping face can be used with this 
type of machine. % 

A constant air pressure of' approximately 70 pounds per 
square inch is necessary. An air compressor with a free air 
delivery of 24 to 30 cubic feet per minute will operate one 
tamper. * 

- THICKNESS OF TAMPED LA YERS-A good rammed earth 
wall should be well tamped from t'op to. bottom. Layers which 
are placed too thick will be loose at the bottom and will wash, 
out during rains. The thickness of each loose layer of earth 
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before tamping should not be more than 1" more\than the 
width of the 1 tamping face. For example, don't try \to tamp 
mire than 4" of loose soil with a 3"x3" square-faced \famper.. 
After tamping, a 4" loose layer should be approximately 2i/>" 
thick. 

CONSTRUCTION P R O C E D U R V. — The construction "pro- 
cedure for rammed earth walls is very -similar to that used \f or 
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Figure 7#t. Disassembled sliding weight tamper. 



earth blocks. The first step is to install the termite shields, 
if required. Bend them down so they are -flat against the side 
of the foundation wall. Then, place the forms over J:he^ founda- 
tion wall and draw them up tight against it with th$ bottom 
row of bolts/ wires, or whatever, you may be using. The end 
gates and spacer blocks''are then inserted and the top , row of 
bolts is tightened. You are now ready. ffi start ramming. \ Figure 
80 shows a rammed earth wall under construction. P 

When a section i.s ..completed, the forms are moved, fastened 
tightly at their now ^cation, and ramming continues. Ram a 
complete section ari|j,i'nd the house before starting the next 
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Figure 80 

layer. Joints between layers should be staggered like those in 
pressed blocks so they do not form a single, weak line in the 
wall. "This method is shown in Figure 81. 

Figure 81 also shows how the beveled piece of wood on 
the end gate forms a g6od vertical joint between sections. 

The first sections to be rammed should be the corners of 
the house. Particular care should be taken to make sure that 
corner- forms are perfectly plumb or vertical. This is most 
important and should be checked often. A RAMMED EARTH 
WALL THAT IS bL'ILT LEANING CAN NEVER BE 
STRAIGHTENED. , 

Use string lines stretched between the corners to line up 
wall forms and assure straight walls. The method shown in 
Figure 61... works well, but place the string line slightly above 
^the tops of the forms so it will not touch the for^ns. 
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Figure 81, 



Protect newfy-constructed wall sections until they gain 
strength. At night and when rain threatens, all walls exposed 
to rain should be protected with mats, heavy cloth, or water- 
proof papers It is very important that this protection cover 
the top of the wall, since erosion starts there first. Walls 
stabilized with cement, lime, or other cementing-type stabilizers 
should be protected and kept moist during the entire curing 
period. Sacks or mats, moistened several times daily are good 
for this. 

'■ Some soils— particularly the sandier ones— may have a tend- 
ency to crumble when the next section is ranrtned -on top of 
an earlier lift. If this happens, wait until the lower section 
gains enough strength to prevent this. For soil^ having cement- 
ing-type stabilizers in them! wait 3 or 4 days if possible. In 
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general, you can rain on top of any wall section as long as it 
doesn't crumble or crack. » 

» JO t 

v ■' , 

Before- ramming a new section, scratch the top of the lower 
completed section about deep with a pointed, woodror steel 
stake. If the completed section is dry. moisten the top of it 
slightly. This will improve the bond between sections. 

JWMZER OF WORKERS NEEDED-Once the soil mix is 
prepared, 2 to 4 workers can be used to construct the wall. Two 
men can do the, ramming but, if the forms are short, the work 
will be more efficient if only one-man stands in the forms. One 
worker is required to shovej the prepared soil mix . into the 
forms. One worker, supplied witrr-soil, can ram" about 3 cu. ft. 
of soil in an hour. « , 

Since the workmen operating tampers stand inside or on 

top of the forms, scaffdlding or supports are not required for 

them. 'But as the wall increases in height, scaffolding may be 

necessary .for the <wotker shoveling soil mix inside the forms. A 

worker oh the ground shovels the* mix onto the scaffolding. 

This requires a total = of three or four workers. An alternative 

is for tl/e man tamping the soil to pull up additional soil as 

needed tri a bucket and pour it into the forms. 

! '•'"'•»'■• 
Scaffolding or other supports will also? be "necessary when 

the walj'l is high' and the forms mu,st be moved around, a 

TAMPING THE SO/Z.-REGARDLESS OF HOW GOOD 
THE $OIL MIX IS, A RAMMED EARTH HOUSE WILL 
NOT LAST LONG UNLESS IT IS TAMPED ENOUGH AND 
UNLESS THE MOISTURE CONTENT OF THE MIX IS 
RIGHT. The two go together, because unless the moisture 
content! is right, the earth cannot.be tamped right. *For this 
reason, j the moisture content should be checked' often, not only 
when ijt is mfxed, but also when it is being tamped. Mixes 
which 'pre too wet or too dry should be remixed. Cement- 
stabilized mixes which have dried out should not be used. 

HAMMING SHOULD fiV CONTINUED ON " EACH 
LAYER UNTIL THE NOJSE FROM THE RAMMING TOOL 
CHANGES FROM A DULL THUD TO A CLEAR, RINGING 
SOUND. o • • 

Wjbrkers operating the tampers have a hard but important- 
job. Their work -should be checked often. An easy way to 
check for soft spots is to shove a sturdy krfife blade into various 
spots in thq rammed layer. Soft spot£ found in this manner 
should be rammed some more. The important plites to check 
are directly against the forms, in corners, and around beveled „ 
strips on end gates. 

If the soil tamper will not ring regardless of the number 
of tamps, then something, is wrong with the mix. Probably it 
is too wet, so check it. closely. 



Figure 82. 

DOOR ASD WISDOM OP/i.^'CS-Opcnings for doors 
and windows can be done two ways in rammed earth con- 
struction. One way is to set the door and window frames first 
and ram the earth around them. If this is done the frames 
should be solidly braced as shown in Figure 82 otherwise- they 
will be forced out of place by the high pressures produced by 
ramming. Brace door and windoVj^.J-rames across the diagonals 
also so the openings will remain square. Frames should be as 
wide as the vvalls and should haie ties slicking into the wall 
t,o hold them firmly in place. 

The other way is to ram the earth first leaving an opening 
in the wall for the frames. 'When this method is used, the 
beveled strip is jemoved from the end gate. 'The end gate is 
then accurately positioned at the spot where the opening is to 
occur. Wooden nailer blocks must be placed in the wall so that 
door and window frames can be securely attached to them. The 
blocks are placed on top of a temped layer and adjacent to 
the end gate. The next layer is tightly* rammed around the 
block to hold it securely in position. The result is shown in 
Figure 83. Another method also shown in Figure 83 uses >a 
single piece of timber the full height of the opening. Lightly 
nail this piece to the end gate so the end gate can be easily 
removed from it after each layer is completed.. When using. this 
method, the door frame does not have to be ,as wide as the 
wall, but the unprotected edges of the wall should} be chamfered 
as explained on page 119. " 
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c Figure 83. 

Sometimes you may run into a situation like this: 

You will be ramming against a. jshort section of wall (s,ay 
3' long) which is adjacent to a window opening. The pressure 
from ramming_jigaiiist this short section may cause it to slide 
towa*d--tfte~"open space. Tojkeep this from happening, strongly 
brace the short section against the wall on the opposite side 
of the opening or against stakes driven in the ground. 

If a section does slide, tear it down and ram a new section 
in pracef 

WINDOW SILLS— For window sills in rammed earth follow 
the same rules as for pressed blocks. (See page 105.) 

LINTELS AND TIE, BEAMS-U\Me\s and ' tie beams are 
constructed in the same way as for pressed blocks. There is one 
precaution to be noted, however. The pressures" from ramming 
the earth on top of a lintel may be great enough to cause it 
to "•'■'break or permanently" s&g. To keep this from happening, 
put sturdy braces beneath the lintel during ramming as shown 
in Figure 84, or design the building so that there is no earth 
wall over the door and window openings. This method is often 
preferred. 

REINFO R CEMEN T— -Barbed wire, woven wire «or small 
metal reinforcing rods may be used to reinforce a rammed earth 
wall, This- is particularly necessary if the building *is being 
constructed in an area that has earthquakes or higfrnvinds and 
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Figure 84. 



is made of stabilized earth. Reinforcing is" not as effective in 
unstabilized earth walls as it is in stabilized material. - Reinforce- 
ment around door and window openings always strengthens a 
wall. It eliminates damaging cracks 'at these points. 

Reinforcement should be placed no- closer than two inches 
from the outside of the wall. Place it in lengths a little longer 
than the forms. Turn up the extra length against the end gate 
so that it can be bent dc^wn into the hew section after the end 
gate is removed. Securely fasten the reinforcement in the new 
section to that extending from the previously compacted section. 

. , ' . . ■ 
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- c * Chapter 12 

ROOFS FOR EARTH HOUSES 

' Any type of roof used on ordinary houses can also be used 
on earth houses. Thatch or sheet metal -roofs are commonly 
used. But"" often it will be cheaper to use an earth roof on 
your house. 

Three types of earthen roofs are used: 

1. Bunker fill roofs £• 

2. ' Arch or vault roofs - ^ 
J 3. Frame roofs supporting earthen tiles. 

These are tilings an earth roof must do: 
I 1. It must be strong enough to ^remain in place; 
^ It must not (teak; 

3. It must provide protection so that 'water running, off 
the roof will not run down the sides of the^elrth wall. .- 

BUNKER FILL ROOF-,* burike.r-'illl roof is a flat roof 
in. which large, timbers, (some^jjjw'sca 1 led "yigas" in parts of 
tlif U.S.) .support a tanipejj-<fr ..ompacted earthen' blanket. See' 
' Figure .8.5. These jiiip-rJorts- can be sawed timbers of the, trunks 
of small i rec*f"s1'x to eight inches in diameter, spaced approxi- 
•inateAy-iiCl in til ics apart. For large buildings, such as the school 
'sTTowu in Figure 86\ large trunks, ten to twelve inches in 
diameter, " «m be- used. A* nice appearance is produced "by 
Uiltci nai ing the large arid small ends of thcyvigas.- Also, putting 
.it he small- ends all in the same direction would cause thjw end 




Figure 85. The cuf&j^ay section of this bunker fill-roof^ehows 
the layered structure of the roof. From the top ^own, the 
components are gravel 'and asphalt, building p^iper, earth fill, 
building paper, wood sheathing and suppoi|^|^i*cacn» (vigas). 
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Figure 86. The large and small ends of the ceiling timbers 
(vigas) are alternated to provide' a balanced appearance. ■ 

of the tool lo be wea-k. A (ill or pitch is given jo ilic-\jgas 
so thai the finished roof wi.ll slope about '%■<> inch, per. loot 
of length. " , /-J' 

On top of the vigas, place some tvpe of covering lo support, 
the earth Jill. This can be 1" llnnber, jjome type of reed such 
as bambofi, or ^verrfsmall sapljngs .as sl'Vown MV+"igure 87. Run 
the sheathing/'diagonally from center to .center of 1 the vigas. 
This will compensate for the unevcnness of the ( vigas. Over 
the sheathing, use 'heavy building paper^ or a thin layer of straw 
to keep tlie soil above from seeping through. _. 

A compacted earth fill is placed on top of .all this. The 
thickness, when tamped, should be at least four* fitches. -Deeper 
fills up to eight inches are better and will increase the life oE 5 - 
the roof, reduce .the amount of heat going through the roof 
and lessen the chances of seeptige. 

The roof should be built up in lifts and packed like rammed 
earth. The thickness of the loose lift placed at one time depends 
on the size and weight of rammer used. See page 120. 

The soil type for blanker fill roofs should be similar to 
that used for rammed earth. Clayey soils will shrink and crack 
and allow water to seep through. Often, it, will pay you to 
use a stabilizer in -your roof material. Lime, cement, or any 
waterproofers will do. , Another way is to add oil or asphalt 
to the last layer of earth to be compacted. After allowing a 
few minutes for the oil to penetrate, tamp it into a dense water- 
tight layer. 

A protective surfacing mav. be needed in climates that get- 
a lot of rainfajl. -^tyravel s^re^Tni the top of the surface lessens 
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Figure 87. To compensate for the . uneven ticss of the top* of 
the vigas,' -saplings can 'be placed diagonally for sheathing. 
Note the straw used in this case to prevent the earth fill from 
sifting through the .ceiling. 



erosion caused "by rain. A Yroar of -nsptatk -mU'ILUcU,) .hold , ihe < 
loose gravel in place. 

Water from the roof must not be allowed to run down 
the walls of the house. A spout or canal projecting out awiy, 
from the wall will solve the problem. A half section of spat 
bamboo would do nicely, or, a trough made of Wood or sheet 
metal would do as well. The spo.ut should extend far enough 
away from the walls to prevent erosion— aCJeasr'^wo feet. 

ARCH OF VAULT KOO^Sj-fSee Figure 8Stt These' types 
of roofs are used in .ii-vcsas j(jhe7£ timber is scarce. I They require 
some skill to build althoug-lt^in some areas such ickifs have beery 
used for centuries and local masons know how'' to build themj! , 

Arched, vaulted or domed roofs are usually built of burli't 
brick although there is good reason to believe that well stabilized 
earth blocks can be used. , 

The outside walls of the house must be strong enough to 
resist the outward force caused by, a vault or dome. - In most 
cases walls are made very thick— 2 to 3 feet— depending on the 
distance between walls. In many cases rooms are,., placed side 
by side to help absorb the forces but the outside walls will still 
have to be very thick. A reinforced concrete bond beam around 
the top of the outside walls Will add greatly to trte. strength 
and may make it possible to reduce the wall thicknesli. How- 
ever, a qualified structural engineer should design any such 
walls and beams. 
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Figure 88. This style of earth donie and yau.lc construction 
was used in a reconstruction program at New Gourna, Egypt. 

The mortar used in laying brick or stabilizing earth block 
in an arch, vault or clonic is "usually oT a quick-setting type. 
In many middle Eastern countries a mortar made with gypsum 
is-rtm-iwum, --I-f-ctuiu^iL-Oji lime juortar is used, it is necessary 
to ha.ve a form to support the brick until the mortar sets. This 
is usually too expensive and i,s rarely used in small house 
construction. ' — 

If you should use this type of roof, get /methods and design 
from someone who has done it before. 

EARTH 1 ' / L E • R O O FS ~ E a it h tile, have also been used' for 
roofs. T-.hey can be pressed in a block making machine by® 




Figure 89; A thatched-carth tile roof of this design proved 
successful in research studies in India. 
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using fillers. They can also.be of sun : d r ied \do be but i n either 
ease it is best to stabilize the earth. " l ' The tiles ar^ placed on a 
wooden frame just as shingles are. , Thc ,? tiles ■ 'should be 
to 2" thick and about 1' long. Good sun-dried' tiles~are made- 
with a thatch (or grass) "tail." See figure 89. « The thatch tail 
helps prevent niin from eroding the block, and provides insula- 
lion for the inside of the house. ~~ 

The best : earth/0IesL_are„JDaadj£ljyith stabilized soil. Lime, 
cement and asphalt work well. Since they arc so thin, tiles 
should have a very high resistance to the spray test.' 

The roof frame must, be built strong enough to support 
the weight. 'Also," wooden strips (called stringers) must be 
placed in the roof at- close enough intervals so that each jUle 
rests on two stringers, either directly or indirectly. Tiles are 
often made with a lip or groove near the upper edge so that 
they will lie securely on the stringers. 




f Chapter 13 *. ^ 
- FLOORS 

The most xlesirable type of floors for an earth house is,, of 
-course, 'a- concrete "slab, a- wood floor or a floor surfaced with 
cement tile or ceramic tile. However, in some areas where good 
sand and gravel arc not available for concrete, and where wood\ 
is scarce and commercially made tile cannot "be obtained, ah ^ 
earth floor can be substituted; Properly compacted earth or 
high strength -stabilized earth jMc will bake a reasonably durable 
floor. Extra stabilizer is required, if floods are to /last a long" 
lime, because floors get the hardest wear of any pan of the 
house. Even' (he most primitive .dwellings have some type of 
oil v or fat worked into the «oil as a stabilizer. e 

TYPE OF SOIL FOR EARTH FLOORS-Yor earth floors, 
^use the same "soil ,you use to build your house but add extra 
stabilizer. \ 

The floor must be able to withstand scrubbrmj aiuF "nili.it 
be tough and durable. ; 

Lime and portland cement make, the best stabilisers. 
Emulsified asphalt will irfake good floors but the dark color/ 
may be objectionable. Wood ashes and even animal blood have 
been used. '* ■ -v - ■-- - 

TAMPED OR RAMMED EARTH .FLQQRS—Bcion making 
\lhc earth floor, it is Necessary to remove all organic topsoi), 
oral least down to -6- to 7* inches below the level*of the finjsfeed 
floor. Then compact the- -top~Tayer~^"^£^o'f_ existing soil 
with -a tamper before the floor material is placed. : - — —- 

. bi^re^s— whTn^swHfing "soils are damaging^ to buildings 

th,is ramming should be avoided, Un tamped soil will swell less 
than tamped soil. - 

\ - , ... 

Tlve -first "laver above the existing soil is filled with about 
fqm inches of* clean sandy or gravelly material. The purpose, 
of this material is to stop moisture that may rise up from the 
existing soil. The sandy material should, be :well tamped to 
strerWtheri it and to keep it from settling. . If the existing soil 
is-fche swelling type, use about 6 inches of sandv material. 

- Tbe floor is laid above the sandv course. Place , it in two 
layers each about inches thick. The lower layer can contain 
less stabilizer than the topi because it does not get any wear. 
The soN should be carefully rammed into -place. Be sure the 
moisture, content is correct. Check it using the method described 
J-n Chapter 2. When you finish tamping, level lip the area by 
scraping or tamping high spots. \ " » ' 1 

The fiscal finished floor layer is placed next. V^his, layer 
should contain enough stabilizer ■:; to make the cured surface 
difficult to scratch with a nail. This might require^ to 3 
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timik as much stabilizer as might be used in earth walls, lest 
Youil mix bv making some small' rammed earth lest blocks just 
as. sou would J or a rammed earth wall. After the test blocks 
have 1 cured check them for hardness and water resistance. 

Alter lam-ping she top laser, smooth out ati\ tamper marks 
.mil rhen cure- the floor for several das s. « 

Fori land cement and lime-stabLb/ed floors ma\ be cured by 
sprinkling the floor or putting wet sacks on top of it. At the 
end of l.he curing period, a {bin portland retnent slurrv made 
from cement, walei and fine sand ma\ be applied to the floor 
to seal \anv craiks and watei proof.it, Certain oils, will do the 
same job. „ * 

Don t walk on the floor until. it js hard- 

ill \ 11. OURS -Pressed earth tiles mas dp just as well as 
rammed cYarth floois. I lies can e\en look nicer, particularly 
if vou m^ke tiles from several different colored soils". I he 
Ram or anv other block -making machine that makes 
1 1/," to 1!" VliieW tiles can be used, I se enough stabiliser in 
the soil so tf^e (ured blocks are difficult to snatch with a nail, 
Make test iilc\s to (heck the stabilizer content. 

Stabilized "tiles should be moist -eu red lot 7 davs and ifien 
dried in the stfp befoie plating them. Prepare the floor area 
the same wav sou Would loi rammed eaith floors. It is vny 
important that t(ie sandv laser be level and well compacted 
belore placing tfie tile: If tt isn't, the floor uill be -tough and 
unsiglitls. . 




It is better to mortar tiles in place with a mortar of'sand, 
Portland cement and water. Carefully srnooth the mortar joints 
to keep from having grooves in the . finished Tloor. >sfil^s can 
be laid without any -mortar if th£y are placed closely together. 
They may rock a little or come; loose, but it won't hurt if they ' 
are. put back right away. 

/Since cured tiles are used, the floor can be walked on as 
soon as the joints get hard. This will take 2-3 days. Oils or 
waxes may be used to seal the top surface of the floor. Tallow 
has been used, and if applied hot, beeswax may also he quite 
likable. . • " 

^N^AriNG, THE I lp USE , THROUGH THE FLOOR^ioiX ' 
can heiWour house 5y heating the floor. 

This idea is used in the United States and other places in 
the world (Korea, for example) with tunnels under the floor. 
These tunnels earn- heat from a fire which is built at one of 
the openings. , 

This method of heating should not be attempted unless 
you have someone experienced to show you, how to do it. 
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Chapter 14 





SURFACE COATINGS %V 

A surface coating is a layer or film o| material placed (.rtie.r 
an earth wall. - " ' ^ 

• This is what surface coati'ngs clo: 

(a) They c'au make some earth walls look better. 

(b) They cat* help earth walls shed rain water. » 

(c) They can make earth walls last longer^ » 

Decide whether you want to use surface coatings w'hen you 
are planning your house— not after it. is constructed. 

APPEARANCE— Houses built, of carefully made pressed 
blocks look better without surface coatings. : 

/ Rammed earthy walls will have a- pleasing appearance if 
the inside of the forms is smooth and in good condition during 
construction. In fact., some rammed earth house owners feel 
that a few form marks are pleasing to an earth wall and they 
do noj care 10 use surface coatings. Ikit if the insides •. j>f p the* 
Tonus were tough amd in poor condition,- 'a surface coating 
will probably " unpiovc rhe wall's appearance,- 

Most adobe home owners preferflsurface coatings oh their 
houses. v>. 

One way lo decide on a surface coating is to look Jf c other 
homes in your area. See if surface coatings helped: their 
appearance. 

Remember this: 

A cheap or poorly applied surface coating that quickly 
peels off looks worse -than none at ah. 

c The owner must decide how often he is willing to repair/ 
the surface coating to keep it looking good. Most cheap surface" 
; coa tings need repairing every 2 or 3 years. If the owner isr 
young and healthy and does not mind the time and small 
expense of repairing the coating, a cheap surface coating may 
be suitable. But if the owner cannot perform frequent repair 
work, his walls will look bad, and they may suffer severe damage. 
Then a moire expensive coating will be necessary. - 

DAMAGE-JERQM "RAIN WATER-U you follow the in- 
structions in Chapter 2 for selecting'soils for earth houses, you, 
won't have to worry about 'rain damage unless 1 you have to- 
use very clayey soils. If your test blocks, even when stabilized, 
do not pass the spray test, try a surface coating. 

Even the most expensive surface coatings are likely to 
develop cracks and let some water through them and into the 
wall. If your wall contains a lot of clay, the water will cause 
it to swell and crack surface coatings that are stiff. Check to- 
see whether this will, happen to your surface coating. Completely 
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coat-a*few test blocks of your soil mix. and subject them to both 
the spray test and absorption test. If the surface coating cracks 
or peels, the same thing will happen to your house when coated. 

INCREASING THE LI EE OF THE WALL-Oihcv things 
beside rain may wear down an earth wall. Strong winds carry- 
ing (lust, children throwing rocks or sticks,' and even animals, 
can scar or damage earth walls— especially unstabilized ones. 
If these things of cur- in your neighborhood or area, then un- 
stabiiized walls should be coatjul. Most stabilized walls' can 
resist them. ' ® ' 

COST OF SURFACE cbATlNCS-SUicc most surface coat- 
ings require some- type of stabilizer? you must decide -whether 
it is best to use the stabilizer in the surface coating or in 'the 
wall itself. ^Surface coatings normally take less stabilizer than 
for stabilizing the entire walls. But it also takes additional time 
and money to' apply surface coatings 'and keep them repaired. 
Unless you can get by, with a thin, cheap surface coating, the 
total tost will be nearly the same whether you use* a surface 
coating or stabilize the entire wall. 

TYPES OF SURFACE CO A TINGS- there are four main 
types ot surface cualings; % 

(a) '(.Masters 

(b) Slurries 

(c) Paints 

(d) , Special chemicals , ■ 

Plasters are placed on the walls in fairly thick layers—about 
1/2". Below is a high-quality plaster mix thai has worked well 
on earth houses: 

1 part portland cement . ^ " 

4 to 5 parts clean sand - ■ _ » 

Sufficient water to make a thick mixture ' 1 

Add a small amount of rime if the plaster is hard to spread. 

Apply this plaster in two coats, each about 14" thick. 
Moisten the wall and then throw or "splatter" the first coat 
against the wall with a large brush. This not only bond 

^the piaster to the wall, it will' -terre it rough so the second 
co^l "will bond to it. (See page 143 concerning reinforcement 
of plasters.) Cure this coat at least 12 hours (more in wet areas) 
before applying the second coat. The second coat may be 
brushed on also, but if i smooth surface is desired; put it on 
with a metal trowel. /Rough surfaces have less tendency to 

■crack and they look betier-on most homes. 

Don't apply cement plasters on a siwiny" '"wail; wait until 
it is shaded. When a section of wall is completed, cover it 
and keep it moist for a' day^or two, until if gains strength. 



Cement plasters should be used, only on stable wails. 
Remember that walls containing a lot of clay will -swell and - 
crack the coating. 

/.5^-I-ow-cost -mud, plasters can be made by combining a soil 
's^f iwith wa'jet* ■■_ Th,ese are called Dagga plasters.* * Dagga 
pMf&rs mad«/yitrt.th]fe3^jji,t kind of day and having sufficient\ 
sand in them Way be as good as any other plasters. Most good 
ones contain a"b.out' 2 parts sand to one part clay. Dagga 
plasters will riot last if they contain too mulch clay, the wrong 
kind' of clay, or when they are too soft. The red and brown 
Jaterite clays found \in cthe tropic zones make' excellent Dagga 
plasters. ' .. ' 

Dagga plasters can be imprpved by» adding a stabilizer to 
rthem. Lime or cement work well. Try one part lime or eminent 
to 9 parts of soil. Asphalts can also be used in Dagga plasters 
to watferproof them but they will not harden the plaster and 
they may make it too .dark to look good on a,, house. Many 
ofthdofher stabilizers mentioned in Chapter ~~3 can—tie- Msed.* 
Experiment] by trying them out on small sections of your wall 
or on test blocks of your soil mix. Watch for damaging cracks 
as. the plaster dries. 

• •' Dagga plasters are usually applied to a previously moistened 
wsill with a trowel to a thickness of about l/fc"-. Roughening 
the dagga surface will help to keep cracks from forming when 
ijhe 'plaster - dries. 

Slurries arc mixtures of cement or lime and water. They 
are ^brushed on the wall hi thin cpats- like paint. Good ones 
may last 5 to 10 years. * 

Some of the best slurries are made_^pjjL^ual~p a rts-^of 
cemerit^and lime mixed w it h— erreugrT water to make a thick 
liquid. Adding ar small armoum of clean, fine sand swill give 

the slurry a gritty texture. . \ 

" - \ .,, ."»■ ' * ■ 

Moisten the earth wall before the slurry is applied, Then 
brush on two coats at intervals of 24 hours". Keep the slurry 
mixed while applying it or some; of the mate^fals may settle 
to the bottom of the container... - 

Slurries make economical surface coatings, but they must 
be applied to" the-' right kind of wall: Earth walls that shrink 
and swell' will cause them to crack and peel off. 

.. Faints make good surface coatings, for "some walls. Cement- 
based masonry paints work -'test. They are tougher and last 
longer than plain cement slurries. Present oiflbased house paints 
and aluminum paints do not work on earth' walls. However, 
new ones may be developed that work as well as cement-based 
paints. 4 

It is hot practical to include a list of manufactured paints 
that have worked on earth walls because they may not be 
^ajj^able in your area. If you want to try them, see the nearest 
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paint salesman. Ask him for a demonstration and sarriples of 
his paints. Then see how "they work on test blocks ,of your 
soil mix. Perform the spray, test on completely painted test 
blocks and if yon have enough time, allow the blocks to/ weather 
outside. The performance . of these test blocks should/ tell you 
how well the pa,int will work. \ \ 

You ci«i make a cemcMit-based pajnt but it takes several 1 
chemicals. Here is one that lias been i used: / 

1 part calcium stcarate (powdered) . 

2 parts calcium chloride (powdered) . 

50 parts portland cement. I / 

25 parts clean, fine sand. , / / 

Mix these ingredients together to obtain a uniform mixture. 
Then add 50 parts water and mix with a hoe until a creamy 
mixture is obtained. L „ 

Pour the mixture through a fly screen to remove lumps 
and large particles. * , 

Use white porthmd cement in thejjmixtif^e. if sf white coating 
is desired, l-'or other colors, add 3-4 parts oPa ppwdered, oxide 
pigment. / 

Apply the paint ifi two coats with a large brush. Moisten 
< the earth wall before applying the first coat. Paint only on 
J shady walls and keep the painted surface slightly moistened 
so the cement does not cure too quickly. The second coat 
should not be applied sooner" than 12 hours after the first. ■ 

Only the second coat needs to be colored. It caii also be 
thrown on the surface with 'a. large brush or broom to obtain 
a pleasing surface texture. 

White-wash paints— or water mixed'with lime— can improve 
the appearance of earth walls. But they offer- little, if any, 
protection, against water or wear, and they only last for. a short 
time. However, tliey»are i%ot costly and they are easily applied 
with a Urge brush. * 

A whitewash* which offers some protection against water 
can be made with the following materials: 

1 1/ 2 gallons unslaked lime. 

3 i/ 2 gallons of water. 

i t/ 2 pound of melted tallow. 

Boil the water in a large can, add the lime, and stir well. 
Then add the melted tallow to the boiling mixture and stir 
again. 'X % 

Apply the mixture with a large brush.- Add a? little water 
if it is difficult to spread. 

This white-wash will last about a year in ^most , climates. 
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Certain chemicals, applied similar to paints, will mak.e # go^tl 
la-faee- tini tings. .One mentioned, in -.Chapter 3 d's a mixture?:-!")!; 



sur'ac C c-oai tngs 
•I- part Sodium silicate. 



pier .'5 ds a mixiure?:-oI; 
(40° Baume) a-nd 3' ;>as t< water. The 
solution is brushed into the 'wall with a fairly stiff brush to 
ft; good penetration. Applv two coats a few' minutes apart. 
A suitable wetting agent oV surfactant ssee Chapter 'V) added to 
the., solu t ion will iiuiease the penetration of the treatment in 
me walls. 

The onlv wa\ to" find out whether chemicals will work is 
10 try them. Spras tests' ai.id weathering tests should be , per- 
formed on treated lest blocks of your soil., '■' 
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Figure 91. 
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Figure 92. 



PREPARING THE . SURF A CE-Su.rface coatings applied to 
poorly prepared walls will soon peel off. Before applying any 
surface coating, the entire thickness of wall must be completely 
dry. For properly cured blocks, this may take only a few weeks 
until the mortar dries. Rammed earth, wattle and daub, and 
cob walls will take much longer. In rainy areas, walls may 
be damaged before they get dry enough to apply surface coat- 
ings. If this is liable to happen to your wall, use the stabilizer 
in the wall so it will be protected from the time of construction. 

When completely drie.d, the wall must be brushed or swept 
to remove dust and other loose particles. Just before slurries 
or plasters are app+ied to a wall, moisten it slightly. Painting 
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.the wall with a thin mixture of Portland cement and water 
improves the bond between the wall and surface coating. 

'REINFORCEMENT— -To strengthen plasters and improve 
their , bond to the earth -wall, wire reinforcement should be. 
lusecl. Woven wire fencing, shown in Figure 91!, works well. 
Fasten thej wire securely to the top of the earth wall by placing 
i^ in the last .mortar joint or between the bond, beam and the 
t^p uf the earth wall. For houses with bunker fill roofs, the 
Wi*e should; lie attached near the roof fill, brought over the 
top'row of blocks, and bent down atong the wall, "rCh'is method 
is shown in : Figure 6.'). , ■ 

The reinforcement should extend into window and door 

openings. so the plaster will be reinforced at all points. (Figure 

92.) ' Nail it to the- wall' every 6-8. inches. Special nails with 
roughened surfaces work best. 

When two-cqats of plaster are used, the first coat shouFd 
be thrown or spattered through, (he wire reinforcement. This 
improves the bond between wall and plaster and also leaves the 
reinforcement approximately midway in the plaster coat. 

When wire reinforcing is not available, the bond to , the 
earth wall can be improved by leaving a deep opening in the 
vertical mortar joints. Chips of broken rock or concrete, 
inserted into wet mortar, will also bond thick surface coatings 
to the wall. (See page 102 for discussion of these methods.) For 
rammed earth walls, cut shallow holes 6 to 8 inches apart and 
drive nails in 'these holes lentil their heads are even with the 
outside wall surface. Another way is to cut long, narrow grooves 
6 to 8 inches apart in the wall. 

Remember that the strongest plasters are reinforced with 
wire. Use it if you can. 

^Si^ .- * 

- ' ' ' A 
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APPENDIX A 

* 

Atterberg Limits of Soils 

The A tier berg limit tests on soils arc simple tests 'that will 
tell Vbu very generally whether the soils contain much clav and 
whether this clay wilhbe harmful , in your - soils. — Theie Alt two" 
tests that ytm must perform: the liquid limit and the plastic 
IimhT I\ropi TrTese~yrKJ — c<r n get a value called the plasticity 
index. (The bar shrinkage test can also be used to get* the 
plasticity index.) - * 

These tests require sortie special equipment and a little 
bit of experience. You can do them yourself if you are careful, 
but it is belter to have someone who knows how to do them. 

The general equipment you will need to'do these tests is 
listed below. Special items needed for each test are listed with 
that test procedure. 

General Equipment Needed 

1. Dish— A smooth-bottomed round; di^h about 4i/ 2 inches 
in diameter and 1 1/ 2 inches high. It is best if the inside is 
smooth or glazed. The type which chen^ists call evaporating 
dishes can be tised. . ' 

2. Spatula^- A spatula (or pill knife) has a flexible blade 
about 4 inches long and s/j inches wide. 

.'(. lUilanre—A balance or scale that will weigh at least 100 
grains and is accurate to at least . 0.1 grams. (An accuracy of 
0.01 grams is belter.) 

4. Oven— A- drying oven that ;wiH" keep a temperature of 
110°C or 230° F. This temperature is a little higher than the 
temperature at which water boils. The oven should have vents 
in it so the heated air will circulate. 

5. Boxes— A few lightweight metal, container! with light 
fitting covers. Small a.luminum or tin pill boxes work well. 
Curved pieces of thin glass like that used on large pocket 
watches or clocks can be used. They should be about 2 or 

* 2 1/ 2 inches across. 

6. Sieve— A No. 40 mesh U. S. B ureau of Standards sieve 
— -or— a— No. 36 ir restr~British Standards sieve. You can do without 

a sieve, "but it is better to have one. 

// 

7. Forms— Write the information you get from the test on 
a form of your own design. 

Sample 

;; You will need a. sample weighing about 100 grams (a small 
hjindf.ul) taken 'from ' the soil that you want to test. All -of 
this sample should pass a No. 40 mesh (or a No. 36 British 
Standard) sieve. This sieve has openings about 1 /64 inch 
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square.- If you do not have one, you can. pick all graiHTIirgeV - - ~ 
than ^1/64 inch out of^the sample by hand. It will be easiest 
to do this if the sample is first dried in the sun and crushed up. 

If you already know that? you are going t^atTd~a~sTabrlrzer — 
•to your soil, then add the same proportion of stabilizer . to 
your sample as yoijt^jntend to use, in your house.' 

A. Liquid Limit Te^t 
Special Equipment 

For this test you will need a special tool to cut a groove- 
in the soil.. The grooving tool is carefully made so it cuts a s 
groove* exactly 2 millimeters wide with the sides of the groove 
sloping at an angle of 60° "to the horizontal. If you .cannot get 
one of these grooving tools, it is possible to use a spatula or 
even a knife. 

Procedure ' 

1. Place about three-quarters of your soil sample in the 
dish. Add small amounts of water to it, and thoroughly mix, 
the water and soil. The water that you use should be of good 
quality, such as water you might drink. Add water, until the 
mixture is a thick paste. Be sure that it is mixed well sd it "r 
has no dry or wet spots. • ~ \ - . — 

2, Shape the soil mixture in the dish into a smooth layer 
1 centimeter (approximately s/ 6 inches) in thickness at the 
center of. the dish. Divide the mixture into 2 equal portions 
by drawing the grooving tool down the center of the mixture. 
The point of the grooving tool should be placed against the 
bottom of the dish. Pull it through the soil so that it always 
stays at right angles (perpendicular) tp the dish, leaving a 
V-shaped groove with a flat bottom that -is 2 mm wide. Very 
sandy soils may be torn by this method. If so, cut the groove 
in several passes, making each pass go deeper until the clean 
surface of . the dish shows at the bottom of the groove. It yoiji 
do not have one of the grooving tools, carefully cut a groove 
in the soil using a^knife or spatula. Make the bottom of the, 
groove 2 mm wide and make sure that the sides slope up at 

' an angle of 60° with the horizontal. 9 

— V Ho ld fft> dish firmly in one hand with the groove in 

the soil pointing directly in front of you. Then tap the dish 
lightly With a horizontal mption ^against ,.the heel of the other 
hand 10 times. The dish shoulcf be moved a distance of about 
1 to U/ 2 inches to strike it against the other hand which should 
remain still. If the amount of water is just right, the groove 
will flow, together at jche bottom for a distance of exactly 
\/ t inch. When it takes more than ' 10 taps to make the groove 
flow together, the soil is , too dry. Add a little water. If it 
flows together with less than 10 tap's, it is too wet. The soil 
can be dried by mixing it a while/or by adding some dry soil. 

\ " - / ■ • 



- 4. When the moisture in the soil has been adjusted so 
that the groove closes for \/ 2 inch after 10 taps, the soil is at 
the liquid limit. With your spatula scrape a sample of the 
soil out of the dish at the point where the groove closed. Use* 
-a-large- sample, if your balance is acc urate o nly to OA grams. 
'Put this sample in one ot your containers and quickly Weigh 
the container and soil before the water evaporates, If your 
containers have- lids, put them on to keep jJie water from 
evaporating during weighing. - * 

5. Write the weight of the container and soil opposite 
W 1 on your form. Then put the soil container in the 110°C 
oven until" all the soil is dry. This should take S-lJ) hours, 
but may be less\ You can check by weighing it several times. 
When the weight no longer changes, it is dry. Now write the 
weight of the container and dry sojl opposite W„ on the form. 
The weight of the clean dry container, W , must be known also. 

Calculations 

TheN iquid limit is calculated as follows: ' 

* __■ weight of water ' 

Liquid,.limit = : _ : . „ ~ - ~ X 100 

< ■ ' weight of oven-dried soil 

--.^.^^.-~^..^-^.-M x ^-w^.L.. ' : j ■ 

or x 1"0Q 

w 2 _ w c ' 

Precautions 

1. Be sure to .use only material passing the No. 40 mesh 
sieve (or smaller than 1 /64 inch) for the liquid limit test % 

2. To get the best test results, thoroughly mix the soil and 
water. Tap the dish against the hand the' same way with all 
types of soils. 

'3. Do not vibrate or jar; the dish after the soil is grooved 
and before it is tapped. 

•4. After the groove has been closed, take the soil,' sample 

and-weigh it quickly to prevent further loss of moisture'. 

■'■ ." -■ ''■'e, 

B. Plastic Limit Test 

Special Equipment /v. 
— — TJie_only special item you will need for this test is a surface 
to roll a soil sample 6Hrr~A~giSs : s^!;ate^r— a-^ie€e~-oI_smQotiL_ 
shiny paper will work Well. §!»"• 

Procedure ■'.•>■ "' • • .. 

1. Take some of your dry soil sample arid add water to 
it. Mix it thoroughly by squeezing and kneading it with the 
fingers and palms of the hands. The moisture content is about 
right when the soil can" be easily shaped into a ball without 
sticking to the fingers. 
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~2. 4sSb gpe- the, soil mixture into a roll - between the palms 
"of 'your hands'until it is about 2 inches longhand \/ A inch' in 
diameter. Then put this rail on a glass plate or piece of paper. 
Usiitg the palm or fingers of one hand roll it into a thread 
asi .shown in Figure 9. If the sample sticks tc» the plate' or 
paper, it is too wet and must be dried some "'in one:* 

I Apply just enough pressure 'with your hands- to cause the 
thread fo get gradually, smaller until it reaches" ;\/$ inch in 
diameter. You are looking for the thread to break or crumble 
just when it reaches y H iiich in diameter. If. the thread breaks 
before it reaches inch diameter, it is too dry. Thoroughly 
iinix in some water and try again. If it can be rolled smaller 
/than i/ H inch diameter, just roll it up into a large thread and 
/start over again. It will dry gradually by rolling it out. 'When 
it is just right', the \/ s inch threads under your hands will crack 
or crumble into pieces about i/ 2 inch long, » 

3. Collect the fbroken or crumbled soil threads and place 
them, in one of yovt$ cofvtainers. ,Weigh the soil and container. 
Call, this, weight W *an'd' record it. Then dry the soil in the 
- 1-K)°C ( §*en until all the water "is driven off. Weigh the dry 
soil ai'iu ^'container and record this weight as W„. The weight 
of the clean thy container, W , must, also be known. 

Calculations 

The plastic limit is calculated as follows:"- 

* 

weight of water 

• Plastic limit = , : X" 100 

weight of oven-dried soil 



W i - W i! 



W, _ w c 



x ioo 



C. Plasticity Index 

Get the plasticity index of the soil by subtracting the 
plastic limit value from the liquid limit. It is calculated as 
follows: ' . 

PJltjjrricity index = Liquid limit — Plastic limit 

D. Bar Shrinkage Test 

, *Yhe :> bar shrinkage test is an easy way to find' the plasticity 
index of a soil. It will also give you. some- other very good 
information about your soil. It has one advantage: you won't 



need a balance to do weighing. But, you will heed a special 
piece of equipment. ' 

Special Equipment 

For this test you will need a special metal mold shaped' 
like a box but without a top. The best size is 5 inches long 
and y 4 inches by y 4 inches square.. 



■ o 
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Procedure 

1. The sample you use for this test should be prepared 

•- exactly like the one for the liquid limit test.. It should be • 
mixed with enough water "to makelt'slightly more fluid than^ 
the liquid limit. For example., cut a V-shaped groove in the 
soil as explained in Step 2 of the liquid limit procedure. If 
the groove closed with about 5 taps of the dish against the 
heel of the hand, the mixture is just right. 

2. Place a very-thin coating of grease or vaseline on the* 
inside walls of th<? shrinkage mold. This will keep the soil 
"from sticking to the mold as it dries. Place enough wet soil 
to fill, the mold one-third >iu\\. Gently jar the /mold or tap 
it on a stack of papers to cause the soil to flow fnto' a smooth 
layer. This will also remove unwanted air bubb/es in the soil. 
Put in more soiljand jar the layers until the mol)4 is completely 

/ filled. Scrape thje excess soil from the top of t^e mold with a' 
■/ straight stick or piece of metal. \ ^ 

TI, Dry the kpii bar. To keep itj from cracking, fi^t let it. 
/dry at r6om temperature for one clay. Then put it in the 
j/ I10°C/Oven until|it dries completely. 1 Very accurately measure 
./ \- the length of dried soil bar. Also rrjeasure the exact length of 
/ the mold in case k is not exactly 5 inches lopg. 

/ ' y ■/ " A X w" / I . ■ 

C alt illations \ m j ^ , 

he bar shrinkage is calculated as follows: 




/ / Bar shrinkage = , ' ,~- - 

(Length* 6f wet bar) — (jength of dried bar) 

- " , ,■ ■ ' ' i x ioo 

Length of wet bar 



<Test for Strength of Foundation Soil; (Clays)/ 



/ How strong^ is the fpundatujn^soil?' How wide a|id how 
thick should' the footing of portland cement concrete be? 

.. - Tp 'get' the answers to ' these questions wej must first get 
sojne' measure of the strength of the foundation! soil ^Kthe site 
Where the house is to/be built. J 

You should djg^several small pits like the onk in the picture 
(see Figure 93) 'and from each one, cut a^ small block of soil 
and trim it^with a knife so that it will be just^the same size 
as shown,^ Take the §mall blocks and test them in the lever 
tester sb^wn ih Figure 94 which you can m^ke for this purpose - . 
'Push^at Point? A first with your first finger. If the soil block 
crushes, the /foundation soil -is very soft land a large house 

shriii Id nor he built on it*-' If the soil ddes iiot crush when 

you push at A, it has sortie- strength and |the test should be 
fontinued. Now push at r\B. If you can c|ush- it by pushing' 
with one finger, at B you know that the strength of/ the soil 



is greater than the one that failed from pressure at A so you 
will look in Taolc 4 in the column marked A and opposite 
the type of house you plan to build to read the width and 
thickness of the continuous concrete wall footing. If you cannot 
crush it by pushing at B, then try at C. If, the soil crushes at 
C, then use the width" and depth of footing opposite B in the 
table and so on. You may find some clays that will not crush 
when you push ion the end of the lever. These are very strong 
soils and you may use the sizes, shown 'in the table at Ei- You 
should be able 10 push pith one finger as shown in the picture, 
18 xo&O poiind.<> (8 to 9 Kg.) . • See how much you can push by 
pjjsjjnng on a set of scales ofy balances. If you push only TO 
to i2 pounds then us£ the footing" size next larger than. you 
would., otherwise. 1 
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BOTTOM^ OF FOUNDATION 




CUT FOUNDATION SOIL 



TEST SAMPLE LIKE THIS AND 



"PRIM BOTTOM AND TOP SQUARE 



Figiire 93. 
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APPENDIX B 

/ Useful Formulas 

Area of circle ( w =^3«.I4. r-= radius) (*•) (r*). 

Area of triangle (h =• height, b = base) ; ...t;T..1....i/ 2 (b) (h). 

Are:a of rectangle (a,b = length of sides) (a) (b). 

Volume, of block* (a,b,c = lengths of sides) „ (a) (b) (c). 

•Unit weight of block ° (W) (1728) 

' (a.b.c = length of sides in inches) - . 

(W ; = weight in pounds) (a) (b) ^c) 

Volume of cylinder (h = height) ( w ) (r 3 ) (h). 

Unit'weight of cylinder (r =" radius in inches) (W) (1728) 

> (h — height in inches)". — , . 

(W = weight in pounds) ( w ) (r 5 ) (h) 

Compressive strength / " * P " 

(P = failure, Iriatty -. 

(A = cross sectional area of specimens) A 

Moisture content, w f W, — W, 

(W, '= wet weight of soil) ., — — .. 

(W, ' = dry weight of soil) . * W, 

Plasticity index, P. I, 

(L.L. = liquid limit) ;* L,L. — P.L. 

(P.L. = plastic limit) ■ ■ ^ . 

. " . Examplet of Long Multiplication 



a.) 19 x, 328 , b.) 19 x 32.fi 

328 32.8 
19 19 



2952 ' 29") 2 

328 328- 

( • <■ ■ V 

6232 623.2 

c.) 1.9 x 32.8 d.) 32.7 x 41.8 

-• ' —32.8- • ■•: -41.8 - 

1.9 ■ 23.7 



2952 2926 
328 •:, 1254 

62.32 836 

990.66 
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Examples 



of Long Division 



a.) 



328 . 

19 
17.26 

19/"328!00 
19 

138 
133 

50 
38 

120 
114 



b.) 



32.8 

1 .73 

19/32^80 
~ 19' 

138 
133 

50 
■ 38 

12 



c.) 



32.8 
1.9 

17.20 
1.9/32^801) 
" -19 



138 
133 



50 
38 

120 
114. 



(I.) 41.8 
23.7 



176 
23.7/ 4 UWO* 
" 23 7 



18 10 
-16 59 

1 510 
1 482 
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Conversion of Weights and Measures 



Metric 

1 meter 
1 meter 
1 met 
0.914 meter? 
0.305 meter 
1 centimeter 
»2.540 centimeters 



1 ^square centimeter 
6.452 square centimeters 
1 square meter . 4 
0.093 square meter 



LENGTH 



English 

1.094 yard 
3.281 feet 
39\3 7 inches 
1 yard 
1 foot 
0.394 inch 
1 inch 



AREA 



0.155 square inch 
I square inch 
10.764 square feet 
1 square foot 
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I cubit centimeter 
16.387 *£ubic centimeters 
1 cubic meter 
0.028 cubic meter 
3.785 liters 
1 liter ' 
1 liter 
0.946 liter 



1 kilogram 
0.454 kilogram 
1 grain 
28.349 grams 



1 foot 
0.0833 foot 
1 yard 

1 square foot 
1 square yard 
1 cubic foot 
1 cubic yard 
1 cubic foot 
1 gallon 
1 pound 
1 ton (short) 



1 meter 

1 square meter 
1 cubic , meter 
1 kilogram 



VOLUME I 

• " 0.061 cubic inch 
1 cubic inch 

• 35.314 cubic feet 

* 1 cubit: foot 

1 gallon (British) 
0.264 gallon / 
1.05.7 quarts* 

1 quart ' ; 

/ ■ 

WEIGHT ; 

' 2.205 pounds 
1 pound 

D.0353 ounce (av). 
1 ounce (av) ' 

English 

12 inches 
1 inch 
. 36 inches, 3 feet 
144 square inches 
9 square feet 
1 728 cubic inches 

: 27 cubic feet \ 

- 7.481 gallons : 
0.-1337 cubic foot " 
*16 ounces ° 
2000 pounds 



Metric 

100 centimeters, 1000 millimeters 
10,000 square centimeters 
\ _i 00,000 cubic, centimeters 
1000 grams 



Glossary 

1. Absorption— The taking in of water or other liquid into 
a soil mass. /, 

2. Adobe— Any kind ofxlay soil which, when mixed with 
Water to a plastic , consistency (sometimes with a mechanical 
binder) , can be made into a part of a structure".. A structure, 
usually, a building blo^k, made of such clay-. 

3. A ngle-^The figure formed by the intersection at a point 
of two lines. A right angle is such a figure in which the lines 
intersect at an angle of ,90°. 

4. /fzacafc^Split /palm trunks used as earth mix reinforce- 

tnt in the. construction of floors and flat or domed roofs in 
: arid zones of we/st Africa. Azaras are Approximately 8 feet 

Jong. • / j 
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5. Bauge—A mixture consisting of "clay soil and straw, used 
for building earth walls between forms (French) . 

6. Batter Boards— Light planks of wood nailed in a hori- 
zontal position to ground stakes. They are used to fix string 
lines which locate the boundaries of excavation or building. 

7. -Bend— A connection made by overlapping adjacent parts 
of a structure,, such as bricks. Also to hold together or solidify 
as a binder. „ ; 

8. Bond beam— A horizontal beam, usually 'of concrete or 
Wood, placed at the top of a wall to reinforce the wall. The 
bond beam helped to distribute the load of the rafters of the 
roof to the walls. , . 

9. Cajon—A type of earth wall construction in which a 
clay soil mix of appropriate consistency is used in the form of 
wall panels supported by a structural wall frame. (Spanish.) 

10. ^Capillary rise— The vertical rise of water in a fine grain 
soil duetto natural forces within the small pore spaces. 

11. -Clay— The smallest grain size division of soils composed, 
principally of flat particles smaller than 0.002 millimeters. 

12. Cob— Walls built of a fairly stiff mixture of clay soil, 
water and small quantities of straw or other suitable mechanical 
binders. This mix is applied in consecutive layers without the 
use of shuttering. The walls faces are pared down as the work 
proceeds. Cob walls have also been built of a mixture of 
crushed chalk and water. 

a 13. Cohesion— The ability of two particles to stick together. 

14. Compactiqn— The closer packing of soil particles by 
mechanical means to obtain a denser mass. ' 

15. Curing— A time period in which the action of water 
in a stabilized soil mass causes the mass to be cemented together 
by the stabilizer: 

16. Dagga plaster— A mixture of clay and sand used as a 
plaster to protect the walls and also as a mortar in laying up 

■ earth blocks. Often stabilizing admixtures are added. 

17. Durability— 'The resistance of a^material to wearing 
' down. "' """" ' " '"" -.»-,'.-»>'•. 

- 18. ./Emulsified asphalt— A mixture of finely divided asphalt 
suspended m x water and used, in liquid form as a stabilizing/ 
agent-sin earthxblocks. « , 

19. Fly ash— The smallesf size particle of slag or clinker;, 
a prdduct of the burning of coal or lignite. . 

20. Foundation— The lowest 'Structural part of a building 
that connects the walls to the ground. ' , y 

, 21. Hydrometer— A scientific device which, floating in a' 
liqu^l, is calibrated to determine the specific gravity of/tfi'e 
liquid. ' , / 



22. Impermeable— The ability of a soil; material to restrict 
the flow or seepage of water to a negligible amount. 



23. Laferite, lateritic— Clay soils formed under ■ tfopteat- 
climate conditions by the weathering of igneous rdck. They 
consist chiefly of stable clays and hydroxides of iron and. alumi- 



num. 



24. Lintel— A small beam that is used to span across a 
window opening to support the wall above the opening. ; 



LINTEL 




USE, 3 PIECES - 2"X 6"X 4' -4" OVER 



3-FOOT OPENINGS IN 6" AND 9" WALLS. 



USE 4 PIECES OF^Tf+tS ^SIZE OVER ~3 — 
FOOT OPENINGS IN 12" AND 15" WALLS. 




Figure 95. Wood lintel. 



25. Liquid limits— That°moisture content in percent of dry 
soil weight at which the soil changes from a plastic to a liquid 
state. ~ - ! ~' : " „ . 

26. Mechanical analysis— The determination of the grain 
size distribution of a soil material. Also known as a sieve 
analysis. - 

27. Moisture content— The amount of water contained in 
a soil material expressed as the weight of the water divided by 
thjC weight of the dry soil material in percent. 

28. Mortar— A plastic mix of sand, cement and possible 
clay ..which is used to bond together building blocks. 

29. Nogging— Rough earth, brick, or concrete masonry ifsect 
to fill in the open spaces of a structural frame. " '• 

SO. Optimum moisturt content— The moisture content for 
a soil mix in which, for a given compactive effort, the densest 
specimen is obtained. 

31. Osiers— A form "of wattle made of willow branches, and 
dry wood rods which are woven into a basket like' frame to 
receive a plaster of^plastic earth. 

32. Pallet— A small flat board that is used to carry, a freshly 
made building block. f 

33. Parallel— The idea of two lines or planes that always 
remain an equal distance apart. As a result, they never cross. 

34. Permeable— The passage of water or other liquid 
through a soil mass. 

35. Perpendicular— The intersection of two lines so that a 
right angle or 90° angle is formed between the lines. 

36. Pise - de - terre— The French term for rammed" earth. 

37. Pitch— The angle or slope of a roof, usually expressed 
as a ratio of the vertical rise to ' the horizontal distance such as 
a pitch of one to three. This would mean that for every three 
feet of horizontal distance, the roof would rise one foot. 

38. Plastic limit— That moisture content in percent of dry 
**&'ff ~ weTgfiF at " w'liicR'lKe win^anges ' from' "a" solid"' "to a" plastic 

state. ' 

. ■ 

" 39. Plasticity—The ability' of a moist soil ■•■to be deformed 
and hold its shape. This indicates that the soil has cohesion 
and contains clay particles. 

40. Plasticity index— The numerical difference between the 
liquid limit and the plastic; limj,t. 

41. Plating— A technique combining stabilized earth with 
common rammed earth by placing a thin cement stabilized soil 
mix against the outward side of the form work (forming the 
exterior wall face) , the remainder being compacted with an 
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ordinary unstabilized soil mix. Placing techniques may also be 
used in the manufacture of earth blocks. 

42. Poured adobe— A mix ture J)f day, soil, and water, of 
a fairly moist consistency enabling it to be cast between form 
work and then left to dry. The process of casting may either 
be carried put in one operation to full wall height, or m 
successive operations by means of "climbing" form work. Rocks 
are often embedded in the earth. 

43. Pozzolan—A mixture of fine particles which, though 
, not a cement in itself, will combine with lime to form a cement. 

44: Puddled mix— A mixture ■ of soil "with "enough water so 
that a plastic mix which easily flows is formed. This is dis- 
tinguished betweefi a moist mix which has just enough water 
to lubricate the particles. 



45. Rammed earth— A mixture of sandy clay soil and 
water, of a slightly moist consistency enabling it to be com- 
pacted between shuttering form monolithic walls or in molds " 
for making individual blocks. Ramming may be carried out 
by either hand or machine tamping, i 

46. Rectangle— A four sided figure whose opposite sides 
} are parallel. All fou,r corners are right angles. Opposite sides 

are equal but adjacent side are not necessarily equal. 

47. Reinforcement— A very strong material, usually steel 
rod or wire, placed in compacted soil to increase the strength 
of the structure. ?•> 

,48. Sampling— The obtaining by digging or boring of a 
representative amount of a natural soil in place. Also the 
separation of a small' quantity of representative material from . 
a larger quantity of loose soil material, # 

.49. Sand— The smallest-sized portion of the* coarse soil 
materials. It is xhat rjortion of a soil material which passes the 
— U. S. Standard Sieve No. "TO but is .retained on the. V. S. Sieve 
No. 200. 

50. Shrinkage— The decrease in volume of a soil material ;*\ 
caused 'by ey / > % > ^ ^ ^ ^ £ 

51. Shrinkage Limit— -That moisture content expressed in 
percent of dry soil weight below which a change in moisture 
content causes no change in volume of the soil mass. 

-52- Silt=J:he larger sized portion of the fine grain' soil <J 
particle usually defined as the material passing a U. S. Standard 
No. 200 Sieve down to the minimum size of .005 millimeters. 

53. Slurry— A mixture with soil with enough water to make 
a very soupy liquid that will easily pour. 

54. Sod house— Houses with walls and perhaps' roofs con- 
structed of close matted sod cut into blocks. Usually laid in 
the wall with grassy side down. Used extensively in early "Mays 
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of the development of the Great Plains area of the United States 
of America. .iV%#/:» : -. 

55. Specific Gravity— The ratio of the unit weight: of a 
given material to the unit weight of water. 

56. Stabilization— The improvement of soil properties by 
the addition of proven materials which will either cement the 
soils, water proof th'e-soil, or reduce volume-^changes. 

, 57. Stabilizer— A material such as portland cement, lime, 
asphalt arid many rhpmir als wkiclL-WilL-Stahillz e ~ R soil m a teri a l . 

58. Strength— The ability %of a material to resist applied 
forces. The strength of soil mixes is iiormally considered the 
strength" in shear stress and is expressed in , pounds per square 
or kilograms per square centimeter. _ 

59. Studding— Structural members such as wooden planks 
or poles which are set vertically in a Wall to support the weight 
of the rodf. 

60. Tapia—A form of adobe used in parts of Africa and 
Trinidad using a strong fibrous grass, often sporobolus indicdt, 
cut into short lengths as a mechanical binder. h: 

61. Teroni—A form of construction similar to adobe brick 
and "soddys" in its application in which a sod block is cut in 
its natural bed in marsh lands and, after »sun curing, is laid 
up on a wall. \ * 

62. T orchis— A mixture consisting of clay soil and cow 
hair, used 1 for building daub walls. (French.) 

63. Tubalig*A West African term 'for hand made, pear 
shaped "bricks" made from a mix consisting of clay soil, water, 
and short pieces of fresh or dried grass. Tubalis are laid with 
their wide base downward in a bed of mortar, three, four or. 
more abreast. Consecutive courses are placed with their base! 
interlocking between the pointed top of the lower course. 
Tubali walls are built with a taper. \ 

64. Vigas— Poles used as rafters for earth roof construction.' 

65. Wattle and daub— A woven frame of small branches 
which is smeared or daubed with plastic .earth", the operation, 
being continued until all construction cracks are filled. 
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